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Twice I have been able to visit tropical America. The first 
time was about thirty years ago, when as a young student I stayed 
for over three years in Brazil, almost the whole time in Lagoa 
Santa, with the paleontologist, Dr. P. W. Lund. The second time 
was in the winter of 1891-2, when I traveled for some months 
in the Antilles and Venezuela. Having been requested to deliver 
an address at one of the general meetings of naturalists I have 
thought that perhaps it would be of interest to those present to 
hear some statements about the vegetation of tropical America, 
and some attempts to explain its deviation from our own northern 
one. Most likely these statements will in some degree cor- 
respond with the facts about other tropical countries, but as it is 
best to keep to what we are in some degree acquainted with, I 
must say that where in the following I am speaking of tropical 
facts, it is especially the American ones that I have in mind. 

The interest of the northern botanist newly arrived in the 
tropics is immediately awakened by the variety of species, 
genera, and even families of which he has never seen living 
representatives. Of course this is not peculiar to the tropics, 
for into whatever non-tropical or even alpine region he goes, 
he will find a wide difference from the vegetation of his native 


tAn address before the Scandinavian Association of Naturalists, at the Copen- 
hagen meeting. 
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country. But when he has viewed things somewhat closer, 
especially in the forests, it is the sma/ltitude of species and the pov- 
erty of specimens of every species that sets him wondering, and 
as these facts are characteristic of the tropical flora, I shall begin 
by speaking of them. 

Every one has heard of that multitude of species. When 
wandering through a forest, and looking upward into the foliage, 
one finds the most different forms of leaves showing their out- 
lines against the bright sky. Trees and bushes of the most 
different species are to be seen everywhere, but one seldom finds 
more than a single individual of the same species. If in search 
of more than one specimen of a certain species, one will very 
often have to seek a long time; and of certain species of forest 
trees near Lagoa Santa I was able to find but a single individual. 

To my knowledge there is no botanist who has illustrated 
this curious tropical richness of species by numbers. I am for- 
tunate in being able to give some numbers that seem to be rather 
elucidative. Through the three years in which I lived in Lagoa 
Santa, I constantly made botanical excursions; but since, on an 
extreme estimate, only six or seven hours of the day were 
entirely at my disposal—and just those hours in which the heat 
was at its height—and since I| had to take nearly all my excur- 
sions afoot, the ground investigated was only about 150 square 
kilometers in extent. On this insignificant territory I have gath- 
ered more than 2600 vascular plants, besides some hundred 
lower plants, but as I have not found absolutely all the species, 
especially not all those of the forest, I certainly may assume 
that the place contains at least 3000 species of higher plants.’ 

One will understand the meaning of this number if he exam- 
ines an equal area in the fertile parts of the northern countries, 
which will be found to contain only about one fourth part of the 
aforesaid number. If we take the whole of Denmark with its 
38,300 square kilometers, we find only half of the given number ; 
and if we take Sweden and Norway, with an approximate area of 


2 Vide my work “ Lagoa Santa,” in the Danish Videnskabernes Selskabs Skrifter 
VI. 6:—. 1892. 
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772,900 square kilometers, we find not even two-thirds as many 
species. Yet these countries have both forest and meadow, 
heath and shore, rocks and moorland; in short a much more 
varied vegetation than the 150 square kilometers around Lagoa 
Santa, that are almost entirely covered with campos and forest. 
I may give some other numbers; for example, the number 
of specimens of trees, small and large. The forests around 
Lagoa Santa seem especially to follow the watercourses. In 
every valley runs a brook, or a creek, or a river, on its way 
to Rio des Velhas. The forests form a border of variable 
breadth to these streams. They advance up the rather rugged 
terrain until the hills become too dry for them and the vegeta- 
tion of the campos conquers them. Suddenly, then, the forests 
are succeeded by campos, that unbrokenly cover all the tops of 
the hills and all elevated ridges. The predominant feature of 
the country is the campos, or what the Spaniards would call 
savannas; flowery grassland that, where the red clay soil is 
deep and rather free of stones, also bears scattered trees, and 
has the likeness of a park or a garden with fruit trees; for the 
trees of the campos have not the straight and high trunks that 
are peculiar to the trees of the forests. On the contrary, they 
are like our fruit trees, low, with crooked stems and branches, 
and broad, open crowns, through which the sun’s rays unhin- 
dered reach the grassy ground beneath. It must be noticed that 
where the campos are most vigorous the trees are able to form 
groups that have almost the aspect of groves or small forests. 
The campos and the forest vegetation are two quite different 
formations, both in a biological and in a floristic way. The spe- 
cies of the forest are quite different from those of the campos, 
with the exception of a very few. Do we not find a second 
proot of the curious richness of species in the tropics in the fact 
that in the campos of Lagoa Santa not less than ninety species are 
to be found, and in the forest about four hundred? Of course the 
trees are growing intermixed. Several times I had an excellent 


opportunity for studying the composition of the forests. When 
PI 8 


a Brazilian farmer lays out a plantation, he cuts down a piece of 
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forest at the beginning of the dry season, and the burning sun 
having for some months heated through and dried the mass of 
felled trees, bushes, creepers, herbs, and the crowd of epiphytes 
that lived in the forest, he burns up everything, and in the 
ground now fertilized with the ashes and afterward cleared and 
leveled, he sows and plants. 

One can imagine the botanist’s joy. Those trees, at whose 
crowns and flowers he had gazed so often without being able to 
reach them, lie now, by such a “ Derrubada,” outstretched at his 
feet. In six different cases I have estimated the proportionate 
numbers of the species and individuals, and I have found that 
among 50-250 trees there were 27—91 species; that is, every spe- 
cies was represented on the average by two or three individuals. 
To us of the north, accustomed to the uniform forests of beeches, 
spruces, firs, etc., there is something most strange and overwhelm- 
ing in such a variety of forms. 

As in the trees, so in the other parts of the vegetation, the 
herbs and shrubs. The same thing is also true in the animal 
kingdom. Wallace says that more than 700 species of butter- 
flies live near Para, on the Amazon, while all Germany has but 
150, and England only 64 species. 

Now the question arises : What is the cause of this multitude 
of species in tropical nature? It seems obvious that these hun- 
dreds of trees, to speak only of them, living together in a forest 
of such small extent as this one near Lagoa Santa, must be simi- 
larly equipped in a physiological way, so that one species is not 
able to overcome and supplant another in the manner we know 
the beech, with us, is supplanting the oak. Every one of these 
tropical forest trees must shade as much, and at the same time 
be as well suited with the shade, as the others; that is, they are 
alike in fighting condition. In short, they must stand in quite 
the same relation to one another as the single individuals of the 
very same species; that is, just as the beech trees are inter- 
related. But how they have been able to reach this adaptation 
is a very difficult question, of which an explanation is at present 


an impossibility. Nevertheless, there is ove condition that no 
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doubt has played a conspicuous part in the process ; I mean the 
history of evolution of tropical nature. 

All characteristics of a vegetation may be classified into two 
groups of factors, historical and physical. All alterations that the 
climate, the ground, and the surface of a country are passing 
through from time to time must express themselves in the 
vegetable world up to this very day. Consequently this is the 
case with the inner highland of Brazil where Lagoa Santa is 
situated. 

In the first place, Brazil is a primeval country, Geikie’s map3 
showing us that even in paleozoic time, when the firstlings of 
life appeared on the earth, the highlands of Brazil and Guiana 
were raised above the sea level, while the other parts of the 
future South America were still in the keeping of the sea. In 
subsequent geological periods the area of land grew larger. The 
red clay that forms the surface of large parts of the soil isa 
decomposition product of the primitive rock. Also the lime 
rocks, that stick out through the clay here and there in Rio des 
Velhas valley, and in which P. W. Lund’s celebrated caves with 
their fossil remains of extinct species of animals are found, are 
of a primeval limestone without vestiges of fossils. 

Secondly, this highland has, so far as we know, been favored 
by the most excellent tropical climate. Though the ice on the 
highest of South American mountains is said to have been far 
more extensive formerly than now, no glacial period is known 
to have spread its life-killing mantle over the highland of Brazil. 
Then the vegetation developed itself undisturbed through geo- 
logical periods. The species of plants have differentiated, 
fought out their conflicts, accommodated themselves to one 
another, and blended with one another. The vegetation has 
thus had plenty of time, and only when we take this fact into 
consideration shall we get nearer to an understanding of the 
present variety of species. 

How widely different, for instance, are the facts in northern 
Europe! Here we have to do with a comparatively young 


3 Proceedings of the Royal Physical Society of Edinburgh ro. 
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vegetation. Geologically speaking, only a short time ago the 
glacial period made a clean sweep over wide areas, and deci- 


mated the vegetation of neighboring regions, so that when it was at 
an end nature had to begin planting the ground anew. This surely 
is one of the causes of the poverty of species here in the north. 
Most likely other causes of a physical nature also exist. So far 
as I can see, the vegetation here in Scandinavia and even in the 
higher north might really have been much more rich in species 
than now is the fact; only tt has had no time for that, but for 
every century or, better, millenium that passes, other species, 
even without the help of man, will immigrate and mix them- 
selves with the old ones, and new species will arise. 

Of course this variety, which is one of the characteristics of 
tropical nature, also shows itself through that immense mass of 
curious ecological adaptations which we know or eagerly try to dis- 
cover. There is a great difference between the objects of 
botanical exploration during the first five or six decades of this 
century, and those of the later decades. It was Darwin’s monu- 
mental work that led science into new ways. Formerly the 
botanists especially wished to discover the many unknown 
genera and species. Now it is “fe itself they wish to study, 
those wonderful relations of the varied and often very compli- 
cated reciprocity of action between living beings, of which a 
great deal is already known, such as mimicry, the fecundation 
of plants by insects, the adaptation of epiphytes and other 
plants to surrounding nature, ant-loving plants, insectivorous 
plants, parasitism, and other ecological facts. These are mostly 
to be looked upon as directly and entirely independent of climate 
and other physical conditions, while the number of them will 
hardly be understood, unless, as Wallace has done, we take into 
consideration the probably uninterrupted process of develop- 
ment of tropical nature through geological periods. 

Now we must acknowledge that within the tropics the rich- 
ness of forms is different in different situations. Even the small 
Lagoa Santa shows a striking example of this, for the forest is 


twice as rich in species as are the campos, although the area of 
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forest is much smaller than the area of campos. The relative 
number of species is about 1600 belonging to the forest, and 800 
to the campos. The forest also is much richer in families and 
genera. Of the 149 families of vascular plants living on the 
whole area no less than thirty-seven are peculiar to the forest, 
while but two are peculiar to the campos, and, moreover, each 
of those two is represented by but one species. Further, of all 
the genera (about 750) 364 are to be found only in the forest, 
while only eighty-two are peculiar to the campos. 

Here, again, we meet the question, why this difference? In 
this case I suppose physical conditions to be the causes, although 
historical facts possibly may be of importance. To be able to 
understand this evolution of species it is necessary to know 
whether the campos flora was the primeval one on the old 
Brazilian highland; or whether from the first the forest covered 
the country and, later on, forced by physical alterations, retired 
from the higher and drier parts of the country, where the campos 
arose, beginning with forest species that adapted themselves to 
the new conditions. About this, however, I am not able to say 
anything; we only know that for endless times there must have 
existed open and woodless land in the interior of Brazil, seeing 
that Lund has found here remains of now extinct species of the 
horse and llama types; that is, remains of animals that could 
only live in a woodless country. I myself feel inclined to sup- 
pose that the forest vegetation is the primary one, and for that 
reason also the richest, while the campos vegetation is the 
younger one; for most likely the moisture of the climate was 
much greater when only the inner highland was above the sea, 
and as the country grew larger in every direction the climate 
gradually grew drier and drier. 

Between the forest and the campos vegetation there seems to 
have been, in a physical way, originally but one difference, namely, 
the unequal moisture in the soil. For the soil in which the two 
different vegetations live is in origin and composition evidently 
all one, namely, the before mentioned red clay, a product of the 


decomposition of the primeval rock. But in the valleys, where 
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the forest reigns, the soil is richer in water, and it is my 
opinion that the water after all is the most essential cause of the 
distribution of plants, the physiognomy of the vegetation, and 
the ecological stamp of the vegetation formations. It has been 
very much disputed whether it is the chemical or the physical 
qualities of the soil that are the principal causes for the distribu- 
tion of plants; as to the vegetation formations it is my 
opinion that we find the principal cause in the quantity of water 
the soil is able to receive and keep, no matter whether this is 
owing to physical or chemical causes. Difference in richness in 
water was the condition for the occurrence of these two forma- 
tions, but in the course of time the forests improved the soil by 
their own work, constantly accumulating more or less of humus. 
In the campos, on the contrary, the sun desiccates the fallen 
leaves, which crumble into dust and disappear. One thing more; 
the forest gives shade to a good many species that are not able 
to endure intense light. Hence the forest affords physical con- 
ditions for a vegetation that is not to be found in the campos, 
and most likely this is the essential cause of the great richness 
of the forests in species. Favorable conditions of vegetation 
seem also to entitle one to suppose a more profuse origination of 
species. 

If we compare the Brazilian campos with similar regions in 
another part of South America, the Venezuela savannas, which 
seem to possess the very same physical conditions and where a 
corresponding vegetation has developed itself, I believe we 
shall learn to some degree the importance of /zstorical facts. A 
few months ago I traveled in Venezuela. At the sight of the 
savannas I was overcome with the greatest surprise and even joy. 
Never should I have expected to find such a striking conformity 
with the Brazil campos. I felt as if 1 were removed to the 
campos near Lagoa Santa, thirty degrees of latitude south of 
Venezuela, and there arose in my memory the happiest years of 
my youth. 


When one is traveling from Puerto Cabello through the 
country to Valenzia, and has reached the high passes of the 
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coast mountains, the continuous forests suddenly cease, and one 
has a wide view over a woodless country, partly plains, partly 
mountains, whose jagged outlines and water furrowed faces 
stand out sharply in the sunbright air. Far to the south behind 
the lake of Valenzia, one may see other blue looking mountains, 
and behind those lie the Llanos. In Brazil one meets quite the 
same experience. When one has traveled through that much 
broader border of forest-clad mountains which rim the Brazilian 
coast, and from the heights of Serra da Mantigueira looks down 
over the campos country, one sees the clouds cross the coast 
range of mountains, roll part way down the western slopes, and 
dwindle away in the dry air of the sunny campos ; just as in 
Venezuela the clouds pass over the Caraibic mountains and dis- 
appear where the dry savanna country begins. The soil seems 
to be like the Brazilian; it was the same red clay, or at all 
events much like it, and here and there rich in sharp-edged 
gravel. There was on it the same carpet of high grayish grasses 
and other herbs, and here and there the same stunted trees, 
with the same coarse leaves, and even with trunks blackened by 
savanna fires, just as around Lagoa Santa; it was the very same 
form of vegetation and even to some degree with the same spe- 
cies as in Brazil. Only one thing I found different, the quantity 
of species. Those savannas evidently were much poorer than 
the campos of Lagoa Santa. Only a few species of trees were 
found here on an area which at Lagoa Santa would have been in 
possession of six to eight times as many. I must admit that 
it was a rather short visit I could pay those savannas, but my 
impression is quite in accordance with the experience of other 
travelers in the Llanos and other parts of Venezuela, for instance 
the valley of Caracas. This tract, with its 125 square kilo- 
meters, contains, according to Ernst, 104 species, and he consid- 
ers the flora of Llanos as a degenerate offspring from that of 
the surrounding countries, without endemic genera. As in all 
essentials the physical conditions of the campos and the savan- 
nas seem to be identical, the cause of the poverty of the latter 


surely is a historical one, and most likely the following. 
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In the Tertiary period an ocean rolled its waves over these 
plains that are now covered by the savannas of Llanos and the 
forests of the Orinoco and the Amazon. When at last the bot- 
tom of the ocean got above the sea level, plants from the sur- 
rounding highland immigrated, and the resulting vegetation got 
its stamp from the physical conditions. Where the ground all 
the year round was moist and the rainfall abundant arose the 
dense forests and marshy land along the Orinoco and other riv- 
ers; and where the ground was dry, at all events periodically, 
the savannas resulted. In the forests and on the marshland the 
number of species certainly is very large on account of the 
extraordinarily favorable physical conditions of the place, while 
in the savannas, on account of the dryness, the development of 
species has been much slower. If then we compare the savan- 
nas with the campos of Brazil, the main cause of the difference 
in richness, the existence of which I must suppose to be real, 
seems to spring only from the difference pointed out in the age 
of the two vegetations. On the highland of Brazil, vegetation 
surely has existed as early as any plants existed on earth, but 
on the savannas of Venezuela they first arrived after the Ter- 
tiary period. Here in the north of Europe it is the glacial 
period, in Venezuela it is the late uplift of the earth’s crust that 
is the cause of the comparative poverty of species. 

Thus we see how both physical and historical factors may 
act in many ways upon the flora of different parts of the world 
and imprint upon them a different character in respect to the 
richness of species. It is not at all easy to determine the 
respective influence of the two groups of factors ; only we may 
suppose that as to the richness of species the /zstorical ones are 
the most important. Now I should like, as far as in this short 
hour it is possible, to instance how /Physical facts act upon the 
tropical vegetation, and give it another look than that of our 
northernone. For that purpose I shall speak briefly of the three 
vegetation formations already mentioned, and most general of 
all: the forest, the scrub, and the savanna; but before I do so, I 
shall remind you of the physical factors, Aight and heat, both of 
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which in my opinion are of prime importance for the physi- 
ognomy of vegetation. 

As to the ight, I shall'remind you of the fact, that only in the 
light the plant becomes green, and only by aid of it and of 
green coloring-matter —the chlorophyll—can organic matter be 
formed. Without light and chlorophyll no organic matter would 
come into existence. Thus in the household of nature the 
importance of light and chlorophyll is enormous. But on the 
other hand chlorophyll may be destroyed by light, and the 
destructive action may be greater than the constructive. Cer- 
tainly for every species of plant an optimum light exists; if 
this be exceeded, many, perhaps all, green plants are in pos- 
session of one or another means by which they protect them- 
selves against too intense light. 

Closely connected with the light is transpiration, which is 
dependent not only on the heat and moisture of the air, together 
with several other factors, among them those internal to the 
plant itself, but even upon the intensity of light, since the light 
is converted into heat. By a too profuse transpiration the plant 
wilts. Against this the plant must have means of defense, and 
these are partly the same as those that protect against too intense 
light. 

As before mentioned, the water in the soil is of prime impor- 
tance for building up the plant and for the production of dif- 
ferent types of vegetation, and for their distribution in the 
landscape. 

Taking into consideration these facts, besides the high 
degrees of heat and the intense light of the tropics, we may 
easily understand the differences of the tropical plants from 
those of our northern climates. Against too intense light and 
too profuse transpiration the tropical plants have to struggle, 
and that struggle imprints its stampupon them. As in physical 
respects there are only differences of degree, not of kind, 
between the two regions we are comparing, it is but natural that 


the plants in their structure also show only differences of degree. 


The same characteristic structures we find in the tropical vege- 








12 BOTANICAL GAZETTE | JANUARY 


tation we may also find in our own northern one, only they are 
here much more faint and rare. 

The first vegetation formation | wish to speak of is the /or- 
est. The uniformity of climate in respect to the moisture, espe- 
cially of the soil, gives to the forest its stamp. 

Ata distance the tropical forests are like our own northern 
forests of foliiferous trees, possessing the same mellow and 
rounded outlines, but the foliage is differently colored, which seems 
only natural in consequence of the many different species. 
Further, the trees are all of a much darker hue than those of 
ours; at all events, I have never seen a tropical forest with 
those fresh, bright green colors, that we love and admire in our 
own birch and beech woods in spring. This difference in col- 
oring is easily understood. The everlasting summer of the 
tropics and the unceasing development of tropical nature have 
been very often spoken and written about. Bates says: ‘There 
is neither spring, nor summer, nor autumn, but every day is a com- 
bination of them all.”” Really he is partly right. To be sure, 
the stamp of death or sleep impressed upon our woods of foli- 
iferous trees by the winter is unknown in the tropics, where the 
trees, on account of the uniformity of the climate, are mostly 
evergreen (except a very few), as are our coniferous trees 
and also many of our small brushes and herbs even in Green- 
land. But we must not believe that life and development are of 
the very same intensity all the year round, so that every species 
of tree is getting new leaves, flowers, and fruits at all times of 
the year. With exception of a very few herbs, such an unceas- 
ing process of development is, according to my experience, not 
to be found anywhere. Near Lagoa Santa, at all events, every 
species has its time of rest, and at distinct times for the differ- 
ent phases of life. There is plainly a time of spring, namely, 
from August to October, and there is plainly a winter time ; 
there is a settled leafing and a settled fall of the leaf; but in 
this the tropical forest shows a great deviation from our woods 
of foliiferous trees. Our foliiferous trees unfold their leaves in 


May and lose them in October; nearly six months the leaves 








1899 | VEGETATION OF TROPICAL AMERICA 13 


. 

remain on the trees. But how long time a tree will keep its 
leaves depends partly upon the physical conditions, hence the 
same species in other conditions more favorable for the life of 
plants may keep its leaves longer. In the tropical forests, with 
their uniform physical conditions, the leaves may live. much 
longer, though most of them are not able to live for more than 
one year, and only a few may remain for two years. They do 
not fall before new leaves have appeared, but none of them is 
able to reach the age of the acicular leaves of our pine trees. 
This long duration of the old leaves causes the almost unaltered 
dark hues of the tropical forest. 

During my last journey in the tropics one of the charac- 
teristics of the forest trees that attracted my attention was the 
frequency of highly glistening leaves. Everyone knows the glis- 
tening leaves of the rubber tree, /¢cws elastica, and of our own 
Christ’s thorn, //ex Aquifolium,and in some smaller degree of other 
trees, though most generally the leaves of our trees are dull 
green. In the tropics the gloss of the leaves is much more 
marked ; everywhere one may see the dark green leaves reflect 
the light, and even such plants as the cocoa tree, the plantain, 
the Indian corn, and the sugar cane have something of that gloss 
which is especially associated with the dark green, stiff, and 
leathery, long-lived leaf. Of course, this gloss depends upon 
certain anatomical structures, and it seems to be, directly or 
indirectly, a defense against too intense light. 

Another fact that gives the tropical forest an aspect different 
from that of our own forests of foliiferous trees is the large, bright 
spots of yellow, white, red, purple, and other tints that from 
time to time are to be seen here and there, when one or another 
of the woody plants or climbers is in blooming and covers itself 
with flowers out of number. This phenomenon shows us both 
the sparseness of the individuals and to what degree the flower- 
ing of every species is fixed to a certain time of the year. It is 
said that almost all species are flowering ali the year round, but 


this is unquestionably an error. An explanation of this mis- 
statement we find in the fact that different species have a differ- 
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ent flowering time, some of them even blooming in the winter, 
that is, in the dry season, and in consequence we may find flow- 
ers at almost all times of the year. In Lagoa Santa grows 
a water lily, Mymphe@a Amazonum, and if any plant could be 
expected to show continuous growth such a one in a tropical 
lake should do so, even though it were an annual, which it hardly 
is. But at the beginning of the dry season this plant disappears 
from the surface of the lake, and not until the rainy season has 
come, in October, do the leaves and afterward the flowers appear 
anew. The very same fact, though not so distinctly, we find in 
the case of other water plants that are decidedly perennial. 

The second type of vegetation I wish to speak of I have seen 
in Venezuela and in the Danish West Indian islands; it is the 
dry bushes or scrub. Hardly any vegetation can be more dis- 
agreeable and ugly than this scrub of brambles and _ thorns. 
Thorny cactus and agave plants, with grayish and brownish hairy 
leaves, that in the dry season partly fall; everywhere a baking 
heat and dryness, in some places an immense number of gnats; 
such is, in short, this scrub which we in northern regions never 
saw the like of; only in the Mediterranean countries, in the 
so-called Maquis, do we find anything similar. 

In a most striking manner the scrub shows us how the 
physiognomy of the vegetation depends upon physical condi- 
tions. These bushes have to defend themselves against too 
intense drought, heat, and ight. The outer and inner construction 
of every species bears an impress of that. The grayish hairy 
coverings, especially remarkable in the species of Croton, that 
give the whole landscape such an ugly appearance, are, in the 
first place, an excellent defense against transpiration, and this 
defense may be further strengthened by the rolling up of the 
leaves. On many Croton bushes I saw how all the leaves that 
were in shade were flattened, while those that were exposed to 
the direct sunlight had in different degrees rolled themselves 
up, so that the under side, which is the more hairy one, curved 
outward. This defense against drought is not quite unknown to 


us, only we have to seek it among plants that live upon dry, 
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sandy fields, in the downs, upon the heaths, and in similar locali- 
ties, which at periods are hot and dried up. 

Also in the forests of the tropics one finds these grayish 
hairy leaves especially on lianas, I believe. Among these 
plants a xerophilous construction is not uncommon, and why 
this is the case is easy to understand; for their stems are often 
many meters in length, with a diameter of a few centimeters ; 
they ascend to the tops of the highest trees, clambering from one 
to another, and one may see them hanging like long festoons 
between the trees. Through their slender stems the water is 
to be lifted from one single root up to the leaves ; it has, there- 
fore, an exceptionally long way to travel, and though nature has 
tried to provide for this by making the vessels of the stems, that 
is the water-conduit pipes, wider than in any other plants, it is 
easy to understand that it is, nevertheless, not without benefit to 
the plant to be able to moderate the transpiration. 

In many lianas, as well as in other plants, both in the forest 
and in the scrub, one finds another peculiarity also that is not 
unknown in our northern vegetation, but is much more frequent 
in the tropics, that is, the latex. When cutting through a trop- 
ical scrub every moment one will have an opportunity of seeing 
the latex dripping in large white drops from the wounded stems. 
We do not yet understand the importance of latex in the life of 
plants ; different hypotheses have been presented, but none gen- 
erally accepted. Most likely the latex serves several purposes, 
and one of them, I suppose, is to supply water to the leaves in 
times of need, when the transpiration becomes too profuse. If 
the latex tubes really have this task, looking upon them from 
an anatomical standpoint, we must admit that their structure is 
exceedingly suitable to the purpose. 

The scrub also shows other remarkable examples of defense 
against too intense light and profuse transpiration. However, | 
shall mention only one. While wandering in the scrub my atten- 
tion was attracted by the difference between the numerous thorny 
acacia bushes and the other plants. The acacias did not have 


the leathery, dark green, glossy leaves peculiar to so many forest 
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plants; neither were they gray-felted nor furnished with latex; 
but in the middle of the dry bush so heated by the sun the plants 
stood with their strange lusterless, dull green and moreover 
extremely delicate and finely compound leaves. It was not 
difficult to discover that they had another defense, and one devel- 
oped even to perfection against the intense light and transpiration; 
I refer to the photometric leaves that by an exceeding sensitive- 
ness for the optimum of light adjust themselves readily to the 
different amounts. In the gentle morning light the leaflets are 
extended flat, intercepting as many of the rays as possible. But 
later in the day, when the sun is rising higher and the heat is 
growing more intense, the leaflets fold themselves more and 
more together and upwards like a closing book, the consequence 
of which is that the light strikes the plane of the leaf at acute 
angles, by which its effect becomes weakened. Thus the leaf 
itself regulates the light and the transpiration, and the differ- 
ent aspect of the acacia bushes at different times of the day is 
not quite without influence upon the physiognomy of the land- 
scape. 

This phenomenon, as well as others, we find also in our 
northern climate; for instance, one finds the leaflets of the wood 
sorrel, Oxalis Acetosella in our forests differently placed with 
respect to the different light of the day. 

The “urd type of vegetation I want to speak of is the campos 
or savannas already mentioned. To find anything like them one 
would have to go to the grass steppes of southeastern Europe. 
Trying to compare the savannas with our own grass fields and 
meadows, one finds a great difference in physiognomy as well as 
in ecology. The savannas have a dry or, at all events, at periods 
a dried up and hot soil; their grasses are coarse and stiff, grayish 
and hairy, and only fresh green in their first and short youth. 
And even admitting that the campos of Brazil especially are 
much richer in flowers than are our meadows, and that the flowers 
of the campos are much larger and with more gaudy colors than 
ours, | must say that the wonderful freshness and charm so 


peculiar to our green, luxuriant, thick, and soft meadows and 
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grasslands I have never seen anywhere, with the exception of a 
very brief time in the early spring. 

The same is true in reference to the vegetation of the forest 
ground. Nowhere have I seen such soft, swelling, and fresh 
green moss carpets as those in our woods of coniferous trees, 
and nowhere have I seen such a flowering woodland as that of 
our beech woods in the early spring. The fact is that wherever 
in the tropics the rainfall is small and the ground dry, the vege- 
tation develops itself either as savannas, or as dry thorny cheer- 
less scrub, or as dry forests poor in mold, though rich in 
lianas, bushes, and small trees, because of which they are almost 
impenetrable; or the country becomes, as in the highland of 
Mexico, almost a desert. But if water is at hand, especially 
water in the soil, there all sorts of trees, bushes, and herbs 
will spring up luxuriantly, in an abundance and with a foliage 
unknown in the north. In consequence of the abundance of 
water either a forest or a marsh vegetation develops itself. If 
the soil is especially rich in water, there will be a marsh, with 
high grassy plants and other herbs, bushes, and even trees, a 
vegetation through which it is anything but easy and agreeable 
to walk, and where, moreover, malarial fevers abide. But if the 
moisture of the soil suits a forest, one with impenetrable masses 
of trees, bushes, and lianas will be formed. In the dim light of 
the forest floor, which is covered with leaves and dead branches, 
mosses grow only with difficulty. On the stems of the trees 
they struggle with ferns, orchids, and other epiphytes as to which 
shall keep the place, and they are even forced to migrate to the 
leaves; but thick, soft, green moss carpets are never found. 

Now, with your permission, I shall conclude these descrip- 
tions. I have wished to throw into relief at once how historical 
as well as physical factors enter into and are determining the 
nature of vegetation in a country, and how, in my view, the 
historical factors are of importance as to the richness in species, 
while the physical factors are especially important in determin- 
ing the physiognomy of the species and of the vegetation as a 


whole. And at the same time, I have desired to draw forth 
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some of the differences between tropical and northern vegeta- 
tion. I shall sum up my apprehension of tropical nature in the 
words that Linné is said to have expressed on Homo sapiens: 
‘Habitat inter tropicos, hospitatur extra tropicos.”’ Perhaps 
this saying may be called a true one, remembering that the 
cradle of mankind most likely was in the rich and luxuriant 
tropical nature ; but I hold it for certain that outside the tropics 
man is not a transient guest. For, admitting the tropics to be 
ever so rich in species, types, flowery pride, and fragrance, and 
admitting it to be ever so easy for man to procure maintenance 
of life in this rich nature (and surely it is this Linné has had in 
view), we must say that outside the tropics, in our temperate 
climates, man has found his most charming home, and just 
here he develops himself supremely in intelligence, morality, 
and strength of character. 


UNIVERSITY OF COPENHAGEN. 








THE PRODUCTION OF FLUORESCENT PIGMENT BY 
BACTERIA. 


EDWIN O. JORDAN. 


A CONSIDERABLE number of different “‘ species’? of bacteria 
have been described as endowed with the property of forming a 
blue-green fluorescent pigment in suitable media. I append a 
list, perhaps not complete, of the various “ fluorescent bacteria” 
already discovered. 

It is not at all likely that the fifty names bestowed upon 
these cultures represent as many totally distinct microorgan- 
isms, and in some cases it is practically certain that the same 
bacterium masquerades under several different titles. 

The experiments recorded in the present paper embody a 
series of attempts to discover the conditions under which fluor- 
escence is produced, and especially the nature and amount of 
the chemical substances essential to the formation of the fluor- 
escing body. 

I have chosen for this purpose six different cultures." Four 
of these do not liquefy gelatin and were sent to me from Kral’s 
Laboratorium under the names B. fluorescens albus, B. fluorescens 
tenuis, B. fluorescens mesentericus, and B. fluorescens putridus. The 
two others liquefy gelatin ; one of them was sent by Kral with 
the name B&. viridans, and the second was isolated by me from 
the water of Lake Michigan and identified as B. fluorescens lique- 
faciens (description by Kruse in Fliigge’s Die Mikroorganismen 
2:292). 

1. B. FL. ALBUS.— A bacillus was first described under this name by 


Zimmermann who found it in the Débeln water supply.? The culture bear- 


*I have also made some experiments with &. Ayocvaneus, but, owing to the com- 
plication due to the formation of at least two pigments by this bacillus, I am led to 


reserve my statements on this head for a subsequent communication. 


20. E. R. Zimmerman, Die Bakterien unserer Trink- und Nutzwasser 18, 
Chemnitz, 1890. 
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ing this name which I have employed agrees closely with Zimmermann’s 
description, The bacilli are small (0.64 by 1-2) with rounded ends, and 
occur both singly and in short chains; they are actively motile. Upon 
gelatin plates the colonies spread out into a thallus-like expansion and the 
surrounding medium assumes first a blue-green and later a grass-green tint. 
The growth on agar is elevated and translucent white, anda green fluorescence 
is imparted to the medium. The growth on potato is luxuriant, and has a 
rich chocolate-brown color. Milk is not coagulated, no indol is formed, and 
nitrate is not reduced. In the fermentation-tube no gas is produced, but the 
broth is rendered strongly acid. At 


/ 


.5°C.a good growth takes place 
upon agar, but no pigment is produced at this temperature. A perceptible 
amount of pigment is formed at 33° C. 


. 
R 2 


2. B. FL. TENUIS.— Described by Zimmermann? as a distinct species. 
Found also by Dittrich4 and regarded by him likewise as a distinct species. 
Kruse,> however, considers this organism as merely a variety of B. fluorescens 
non-liguefaciens. My own culture bearing the name of B. fluorescens tenuts 
agrees very Closely with B. 7. albus. The chief points of difference are (a) 
its failure to grow at all at 37.5° C.; (0) its ability to produce a small amount 
of indol in sugar-free broth. 

The fine, delicate leaf-like growth in streak-cultures, upon which Zimmer- 
mann chiefly bases his separation of this “species” from 2B. ff. albus, was 
noticed sometimes in my culture, but was not constant. 

3. B. FL. MESENTERICUS.— Described by Tartaroff.© I have not been 
able to see the original description. The culture sent me under this name 
resembles 2. 77. albus very closely. There are slight but inconstant differ- 
ences in the growth of the two cultures upon gelatin, agar, and potato. The 
growth at 37.5° C. is much less profuse than with 2B. 7. a/bus and no pigment 
is formed when the culture is kept at 33°C. Milk is slightly digested and 
acquires a feebly acid reaction. 

4. B. FL. PUTRIDUS.— Described in Fliigge’s Die Mikroorganismen, 2d edi- 
tion, p. 288; cf. also the 3d edition, 2: 292. My own culture bearing this 
name agrees in most respects with B. 77. albus. The chief differences are (a) 
much scantier growth at 37.5° C.; (6) less rapid growth on all media; (c)a 
dry, thin growth on potato, more restricted and duiler thanthat of 2B. 77. albus ; 
(Zz) a much more decided green tinge imparted to milk. 

These differences, although slight, have been constant during some ten 
months of observation. I have not been able to distinguish any difference 
between the character or intensity of the odor given off by this species and 
that observed in the three cultures previously described. 


3 Op. cit. p. 16. 


4 Verhandl. d. naturhistor. Vereins zu Heidelberg N. F. 5: 536. 1897. 
5 Fliigge, Die Mikroorganismen 2: 293. 


© Die Dorpater Wasserbakterien. Inaug. Diss., 1891. 
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5. Bb. vIRIDANS.— A microorganism was first described under this name 
by Symmers.? Zimmermann ® also described a form found in polluted water 
which he pronounces wholly identical with a culture of 2B. viridans (Sym- 
mers), obtained from Kral. My own culture bearing this name was sent me 
from Kral’s collection. 

The bacilli vary considerably in dimensions when grown on different 
media, They are short and quite slender in broth cultures, longer and 
plumper on potato. On the latter medium they average about 0.8-o.gu by 
2.5-3u. They occur usually singly or in pairs when grown in broth, and are 
non-motile. They stain with the ordinary aniline dyes, but not so readily as 
with carbol-fuchsin or Léffler’s methylene blue. They do not retain the stain 
by Gram’s method. Gelatin is liquefied very rapidly, the growth in a stab- 
culture occurring at the upper part of the inoculation line and giving rise to 
a saucer-shaped depression. The growth in agar streak-culture is gray, thin, 
fairly spreading and with serrated edges. The medium is speedily colored a 
fine blue-green which in seven days has changed to a dark Nile-green. The 
growth on potato is luxuriant, at first dry and of a tan-color, but later becom- 
ing dark andslimy. Milk iscurdled with acid reaction, and the whey assumes 
a decided green color. No indol is formed, and nitrate is not reduced. In 
the fermentation tube no gas is produced in glucose bouillon but the medium 
becomes strongly acid. At 37.5° C. a very scanty growth occurs, but no pig- 
ment is produced. 

Zimmermann? classifies this organism as one that produces green, but not 
fluorescent pigment. I have not been able to remark the existence of any 
such difference between my culture of 2. viridans and the other organisms 
I have studied ; fluorescence is manifest in all. 

6. B. FL. LIQUEFACIENS.— A germ isolated by me from the water of 
Lake Michigan. I have given it the above name, since the culture agrees 
with the description of the species bv Kruse.’? The chief differences between 
this culture and that of 2B. viridans are the following: (a) no growth at all 
occurs at 37.5°C.; (6) growth in gelatin stab-cultures is more rapid than that 
of B. viridans under the same conditions, but pigment is less abundantly 
produced ; (c) the bacilli are actively motile; (7) growth on potato is from 
the outset moist and slimy; (¢) nitrate is readily reduced to nitrite. 


It is evident from these descriptions that the existing differ- 
ences between some of the cultures I have employed are hardly 
to be regarded as specific, whatever may have been the case with 
the type microorganisms when first isolated. I shall for conve- 


7 British Medical Journal 2: 1252. 1891; cf. also Brit. Med. Journ. 1: 113. 1893. 
8 OD. cit. 2: 22. 9 OP. cit. 2 : 30. 
10 Fliigge’s Die Mikroorganismen, Zoc. cit. 


Je 








N 
N 


BOTANICAL GAZETTE [ JANUARY 


nience, however, refer to the cultures by the names they bear 
just as if they were so many distinct ‘‘species.” 

The methods employed have been selected with a view to 
obtaining constancy and uniformity of conditions. Owing to the 
familiar fact that the different commercial peptones vary widely 
in chemical composition and nutritive value, and since Gessard™ 
and Lepierre* have definitely proved that the production of 
fluorescence by certain bacteria is profoundly affected by the 
nature of the peptone used, I have carried out my investigations 
with the aid of simple solutions of chemical compounds whose 
molecular composition and arrangement are more accurately 
known. The nitrogenous basis of these nutrient media has con- 
sisted of asparagin or ammonium salts, and to these have. been 
added other substances according to the nature of the experi- 
ment. The utmost care has been taken to obtain chemicals of 
strict purity, since a mere trace of foreign substance is in some 
cases sufficient to vitiate the result. 

In all of my solutions I have employed water redistilled in 
glass. The various flasks and test-tubes used in my experi- 
ments have been thoroughly cleansed with chromic acid clean- 
ing mixture which has been very carefully washed out and 
the vessels finally rinsed in distilled water. A suitable quantity 
(usually 7-8°) of the nutrient solution has been placed in thin- 
walled test-tubes and sterilized in the steam-bath by the discon- 
tinuous method. Prolonged heating and the use of the autoclave 
have been avoided as they have been found to affect the consti- 
tution of some of the media. 

Inoculation of the media has usually been made from vigor- 
ous agar growths about three to five days old, but I have also 
often used for this purpose fluid media in which abundant pro- 
duction of pigment had occurred, e. g., an asparagin-phosphate- 
sulfate solution, but without noting any difference in the outcome. 

The cultures have always been kept in the dark and at the 
room-temperature, 18—20° C., except when specified otherwise. 

™ Ann. de l’Inst. Past. 6: 801. 1892. 

12 Ann. de I|’Inst. Past. g: 643. 1895. 
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The most extended contribution to our knowledge of the 
fluorescent bacteria, with the exception of Gessard’s classic 
papers upon B. pyocyaneus, is contained in a paper by Thumm.*3 
My own observations conflict with Thumm’s at some points, 
while the conclusions I am compelled to draw from my results 
are, in important respects, so at variance with his that I do not 
hesitate to reopen the whole question and to present the record 
of my experiments in some detail. 


INFLUENCE OF THE CHEMICAL COMPOSITION OF THE MEDIUM. 


In 0.2 per cent. pure asparagin solutions a very slight tur- 
bidity occurs, but no trace of color. If 0.1 or 0.5 per cent. of 
chlorid (sodium, calcium, magnesium, or potassium) be added to 
the asparagin solution, the turbidity is slightly increased, but no 
pigment is formed. Sulfates (sodium, magnesium, or potassium) 
in the same proportion aid the growth more than chlorids, but 
no color appears. Pure phosphates (sodium, magnesium, or 
potassium) are yet more favorable to growth, but fluorescent pig- 
ment still fails to develop. I must at this point lay stress upon 
the importance of obtaining chemically pure phosphates. A 
mere trace of sulfate in the presence of phosphate, as I shall 
show presently, is sufficient to lead to the production of pigment. 
I have found that many samples of “C.P.” phosphate obtained 
from reliable manufacturers contain a quantity of sulfate suff- 
cient to vitiate the results, and I have consequently been compelled 
to prepare pure phosphates by recrystallization or by thorough 
washing." 

If the various species be grown in a solution of 0.2 per cent. 
asparagin, 0.1—-0.5 per cent. sodium (or magnesium) chlorid, and 
O.I per cent. neutral sodium phosphate, the resulting turbidity 
is but little, if at all, greater than in the asparagin-phosphate 
solution alone. If, however, 0.1 per cent of sulfate (sodium, 


13 Beitrage zur Biologie der fluorescierenden Bakterien. Arb. d. Bakteriol. Inst. 
d. grossh. Hochschule zu Karlsruhe, 1895. 


™%T am indebted to my friend Professor Stieglitz for many suggestions regarding 
the preparation and testing of pure salts. 
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magnesium, or potassium) be added to the asparagin-phosphate 
solution, abundant multiplication takes place together with a 
rich development of the fluorescent pigment. 

To determine the amount of sulfate necessary for the pro- 
duction of the pigment, solutions were prepared containing 0.2 
per cent. asparagin; O.I per cent. neutral sodium phosphate ; 
and respectively 0.1, 0.01, 0.001, 0.0001, and 0.00001 per cent. 
magnesium sulfate. All of the species except B. fl. putridus 
produced pigment in the presence of 0.01 per cent. and 0.001 
per cent. sulfate nearly as well as when 0.1 per cent. was used ; 
with the smaller amount of sulfate, the development of pigment 
was slower, but the final result almost as intense. With 0.0001 
per cent. of sulfate a good development of color was brought 
about by all five species. In the presence of 0.00001 per cent. 
of sulfate 4. viridans alone showed any well-defined development 
of pigment. There was the merest trace of color in B. f7. mesen- 
tericus, and the others were entirely without a tinge. 

The nature of the base associated with the phosphorus and 
sulfur appears to be a matter of complete indifference. Sodium, 
potassium, and magnesium salts gave similar results in whatever 
way they were combined. Even if ammonium phosphate and 
ammonium sulfate be used together, fluorescence appears, but 
it is somewhat less intense than in the presence of one of the 
bases mentioned above. 

To determine the amount of phosphate necessary for the 
formation of pigment, solutions of 0.2 per cent. asparagin, 0.1 
per cent. magnesium sulfate, and varying quantities of neutral 
sodium phosphate were inoculated in the usual manner. In the 
asparagin-sulfate solution containing 0.001 per cent. of the 
phosphate, good color was developed by all the species, being 
deepest in the cultures of B. viridans and B. fl. mesentericus. In 
the same solution containing 0.0001 per cent. of phosphate no 
pigment was developed by any of the species; the turbidity 
was, however, slightly more pronounced than in the control 
tubes of simple asparagin-sulfate solution. 

These organisms are able to produce the fluorescent pigment 
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for a series of generations in such simple media as I have used. 
In a solution of 0.2 per cent. asparagin, 0.1 per cent. sodium 
phosphate, and 0.0001 per cent. magnesium sulfate, B. 7. albus 
is able to develop a fairly intense color. If from a culture in 
this medium a second tube of the same solution is infected, and 
the procedure repeated at intervals of three days, neither 
attenuation nor exaltation of the fluorescigenic power can be 
noticed after thirteen successive transfers. The same statement 
holds true of the action of 4. 7. putridus in a solution containing 
0.25 per cent. ammonium lactate, 0.1 per cent. sodium phos- 
phate, and 0.1 per cent. magnesium sulfate. 

The solutions of the ammonium salts of the organic acids, 
with the exception of the urate, contained respectively 0.5 per 
cent. of the ammonium salt and 0.1 per cent. each of neutral 
sodium phosphate and magnesium sulfate. Ammonium swccin- 
ate, lactate, and citrate all proved to be substances well adapted 
for the production of the fluorescent pigment. The color 
appears more speedily in the succinate and lactate, and with 
most species becomes also more intense than in the citrate. 

In the succinate solution all of the species but one developed 
pigment quickly and intensely. The color developed very 
tardily in the culture of B. 7. putridus, and never became intense. 
In ammonium /actate solution, a fine color developed within two 
days in the cultures of B. fl. albus, B. viridans, B. fl. tenuis, and 
B. fl. mesentericus; B. fl. liquefaciens was from ten to twelve hours 
behind the others at this stage, but eventually produced a very 
deep color; B. 77. putridus showed a much fainter tinge of color 
after ten days, and the color never became pronounced. 

The ammonium citrate solution did not, on the whole, lend 
itself to the production of pigment quite as readily as the lactate 
and succinate. B. ff. albus, B. fl. tenuis, and B. fl. mesentericus, 
indeed, seemed to flourish and produce pigment nearly as well 
as in lactate or succinate, but B. viridans and B. lquefaciens 
showed a decidedly less rapid growth, while 3B. 7. putridus 
caused only a very slight turbidity and developed no trace of 


color. 
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Ammonium ¢ertrate solution afforded one of the most inter- 
esting examples of a difference between the cultures employed. 
B. fl. albus produced a rich coloration of the medium within the 
space of twenty-four hours. On the tenth day A. 72. tenuis like- 
wise showed a slight tinge of color, and this slowly but steadily 
deepened, until, on the twenty-fifth day after inoculation, the 
color was as decided as in the tubes of B. 77. albus. None of the 
other species showed the slightest development of pigment, 
although a marked turbidity manifested itself in the tube inocu- 
lated with 4. fl. lgquefaciens, and a perceptible cloudiness 
appeared in the culture of B. ff. mesentericus and B. fl. putridus. 
The difference in the behavior of the several species in this 
solution was so striking that I repeated the experiment several 
times, always, however, with the same outcome. It is interesting 
to note in this connection that Thumm ’% states that the only spe- 
cies (among B. 72. albus, tenuis, erythrosporus, putridus, and viridans ) 
that was able to produce fluorescent pigment ina tartrate solu- 
tion (ammonium tartrate 0.5 per cent., potassium phosphate 0.05 
per cent., magnesium sulfate 0.01 per cent., calcium chlorid 
0.005 per cent.) was the one bearing the name of B. f@. albus. 
Thumm gives no description whatever of the various ‘“ species”’ 
that he used, but they were probably derived from the same 
sources as my own cultures. Thumm’s culture of “B. 72. tenuis” 
is recorded (p. 84) as showing “slight turbidity: no production 
of pigment” in the tartrate solution, while my culture designated 
by the same name is able to form a notable quantity of pigment, 
although more tardily than B. 7. albus. In ammonium wrate 
solution (urate 0.05 per cent.,?° sodium phosphate 0.1 per cent., 
magnesium sulfate 0.1 per cent.), B. ff. liquefaciens produces 
pigment more rapidly than the other species, but at the end of 
seven days B. ft. mesentericus and B. fi. tenuis rival it in intensity, 
and after eighteen days growth B. 77. albus shows quite as deep 
a color as the species already named. There is at this time the 

15 Of. cit. p. 84. 


© On account of the comparatively slight solubility of the urate a smaller quantity 


was used than of the more soluble ammonium salts. 
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merest dash of color in the tube of B. viridans, and none at 
all in that of B. 72. putridus. 

Ammonium acetate solution gave on the first trial a slight tur- 
bidity with B. viidans, but no sign of growth with any of the 
other species. The acetate solution was found, however, to have 
quite a decided acid reaction, and on rendering it slightly alkaline 
with ammonia, all the species except 4. 77. putridus became able 
to produce a very considerable quantity of pigment. 

Ammonium oxalate solution is not adapted to the production 
of pigment although capable of supporting growth. JB. ff. albus 
and B. fl. tenuis cause decided turbidity, but never develop any 
trace of fluorescent pigment even when alkali is added to the 
medium. The other species show varying degrees of cloudiness. 
If a more dilute solution be employed (0.05 per cent. oxalate), 
a faint tinge of color appears in the culture of B. 72. iguefaciens, 
and the merest suggestion of fluorescence is shown in the tubes 
of B. fl. albus, B. fl. tenuis and B. fl. mesentericus. 

In ammonium formate solution the conditions for growth and 
pigment production are still less favorable than in oxalate; in the 
ordinary solution the tubes remain perfectly clear. If the solu- 
tion be made slightly alkaline, however, a faint tinge of color 
appears in the culture of B. fl. liquefaciens, but the other species, 
while producing a slight turbidity, never form pigment. 


INFLUENCE OF CONCENTRATION OF THE MEDIUM. 


Considerable influence upon the production of pigment is 
exerted by the degree of concentration of the medium. In 
Uschinsky’s solution,’? which consists of glycerin 30-40%", sodium 
chlorid 5—78™", calcium chlorid 0.18", magnesium sulfate 0.2— 
0.48", di-potassium phosphate 2-—2.58", ammonium lactate 6— 
7s™, sodium aspartate 3-4*™, dissolved in 1000°% of water, some 
of the species, notably B. 7. albus and Bb. fl. mesentericus, grow 
luxuriantly and produce a goodly quantity of pigment, but the 
intensity of color never reaches as high a point as in some of 
the simpler solutions, and the color assumes much earlier the 


17 Centralbl. f. Bakt. 14:316. 1893. 
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yellow tinge which overtakes all old cultures. Some of the 
species, as for example B. ff. putridus, are unable to grow in 
Uschinsky’s medium, and the tubes, although inoculated from a 
young active culture, remain perfectly clear. There is some lack 
of uniformity in regard to the behavior in this medium. J. virt- 
dans and B. fl. tenuis, for example, will sometimes multiply and 
produce considerable turbidity without forming pigment, and at 
others, under apparently identical conditions, will refuse to grow 
at all. The presence of glycerin is one of the unfavorable factors. 
If the medium be diluted 1:5 or 1:10, all of the species are able 
to grow and produce pigment. 

A medium somewhat similar to Uschinsky’s, but simpler, 
was compounded by Frankel."® This consisted, in its final modifi- 
cation, of sodium chlorid 0.58", ammonium lactate 68", asparagin 
4", neutral sodium phosphate 2%", dissolved in 1000* of water. 
The solution was either amphoteric or slightly acid, and was made 
slightly alkaline ‘‘with a small quantity of caustic soda.” In 
my early experiments all the species grew quite luxuriantly in 
this medium, but never produced any fluorescence, although the 
old cultures usually had a yellow tinge. The reason for this 
failure to produce pigment might at first be supposed to lie in 
the absence of sulfate, especially since color is developed when 
sulfate is added to Frankel’s medium. But that this is not the 
whole explanation is shown by the fact that, if the original 
medium was diluted 1:10, a very fair development of pigment 
took place. Investigation showed that some of the ingredients 
of the solution were not perfectly pure, but contained a trace of 
sulfate. The quantity of sulfate present, however, was not suf- 
ficient to permit of pigment production in the strong solution, 
although one-tenth of the same quantity was sufficient to permit 
of pigment production in a less concentrated medium. If 
Frankel’s medium be prepared with perfectly pure chemicals no 
pigment production occurs even when the solution is diluted. 

The effect of concentration is well shown also in experiments 
made with solutions of high phosphate content. In solutions of 


8 Hyg. Rundschau 4: 700. 
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0.2 per cent. asparagin, 0.0001 per cent. sodium sulfate, and, 
respectively, I, 0.5, 0.2, 0.1 per cent. neutral sodium phosphate, 
B. fl. albus develops pigment most rapidly and intensely in the 0.1 
per cent. phosphate solution. B.//. putridus and B. fl. tenuis, on the 
other hand, develop pigment soonest in the I per cent. phosphate 
solution, and the former species does not develop any at all in 
the solutions with slighter phosphate content. As a rule, how- 
ever, especially in solutions containing a larger amount of sul- 
fate, a phosphate content as high as I per cent. interferes 
with the production of fluorescent pigment and the culture 
generally assumes a muddy yellow tint. The same thing occurs 
if a considerable quantity of ammonium salt be employed. 
B. fl. albus, for example, in a solution of 2 per cent. of ammo- 
nium tartrate and the usual quantitics of phosphate and sul- 
fate, imparts less of a fluorescent tinge and more of a yellow 
color to the medium, than with the ordinary 0.5 per cent. tartrate 
solution. This fact is of interest in connection with Lepierre’s 
conclusions,” which are based upon experiments made with 2 
per cent. solutions of ammonium salts. The high acidity of 
such strong solutions as he employed, however, was probably an 
even greater factor in the vitiation of his results than the simple 
concentration of the medium. 


INFLUENCE OF LIGHT UPON PIGMENT PRODUCTION. 
Pigment production is perceptibly affected by light. I have 
made no experiments with regard to the action of direct sunlight, 
but have confined myself to a comparison of cultures kept in 
the dark with others kept in diffuse daylight. The latter cultures 
were kept on a desk near the windows of a room into which no 
direct sunlight, but only north light entered; the former were 
kept in a locker in the same room and as nearly as possible at 
the same temperature, although variations of from three to four 
degrees were occasionally observea. These slight temperature 
variations were, however, sometimes on one side, sometimes on 


the other, and I have seen no reason to infer that the course of 


19 Ann. de I’Inst. Past. 9: 643. 1895. 








4 


30 BOTANICAL GAZETTE [JANUARY 


pigment production is materially influenced by such slight fluc- 
tuations. It has invariably happened in these experiments that 
the cultures kept in diffuse daylight show a distinctly fainter 
color than the control tubes kept in the dark. In several instances 
fluorescence failed to appear in cultures grown in the light. This 
is true, for example, of a culture of B. 77. albus in a solution of 
0.2 per cent. asparagin, 0.1 per cent. sodium phosphate, 0.0001 
per cent. magnesium sulfate. In other solutions too, in which the 
amount of pigment produced is at best not great, a similar com- 
plete inhibition of the fluorescigenic power can be noticed. Thumm 
(/. c.) does not state whether the cultures in his experiments 
were kept in the dark or in the light, and it may be suggested 
that if the latter was the case some of his negative results (as, 
for example, that with B. 7. ¢enwis in ammonium tartrate solution) 
might be accounted for. 

The question whether in such cases the light acts upon the 
pigment or upon the metabolic activity of the bacteria is a diffi- 
cult one to come at. The turbidity of cultures kept in the dark 
and in the light seems to be about the same. If cultures in 
which abundant pigment production has taken place be trans- 
ferred to the light (this was done with a set of cultures in 
ammonium succinate solution), a very slight fading out can be 
noticed at the end of two weeks. The fading is accelerated by 
placing the tubes on the window-sill (north light), but even 
after the expiration of three weeks no very extensive divergence 
can be noted when the tubes are compared with the control tubes 
which have remained all the while in the dark. The cultures of 
some species, however, show a greater tendency to fade than 
others; the pigment produced by B. f#. albus fades out quite 
readily, while that formed by JS. 7. tenuzs retains its brightness 
with comparative persistence. The fading out consists in the 
gradual yellowing of the pigment, which continues until all trace 
of green is eliminated ; cultures kept in the dark show the same 
change, but it takes place, as I have indicated, more slowly. 
The change is probably one of oxidation, and the acceleration 
of the process in the light is precisely what might be anticipated. 
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The addition of an oxidizing agent, as dilute potassium perman- 
ganate, has a similar etiolating effect upon the pigment. 


INFLUENCE OF THE REACTION OF THE MEDIUM. 


The presence of acid checks the production of pigment 
Even in slightly acid solutions where considerable multiplication 
may occur, pigment is not formed. The interference of the 
acid seems to be rather with the metabolic activities of the 
bacteria than with the pigment, as the following facts indicate. 
The pigment when it is once formed is not destroyed by acid, 
but simply rendered invisible. Ifa few drops of acid be added 
to a finely pigmented culture of any of the species employed, the 
color is completely discharged, but the addition of alkali brings 
it back as vividly as ever. On adding acid again and then alkali 
the same change again occurs, and this can be repeated for at 
least six times upon the same culture without any perceptible 
weakening of the intensity of the pigment. When, furthermore, 
a well-developed culture is made quite strongly acid with HCl 
and allowed to stand for twenty-four hours, the color reappears 
when alkali is added with the same intensity as before. The 
existence of an aphanochromatic substance, at one time conspicu- 
ously visible in the form of the fluorescent pigment, at another 
colorless and not apparent, is clearly demonstrated by these 
experiments. This substance, however, is not formed im acid 
solutions. 

The influence of acid upon the pigment is beautifully shown 
in the fermentation tube where the pigment acts as an indicator. 
In 3 per cent. glucose-broth (prepared from broth freed of 
muscle-sugar by the method suggested by Theobald Smith”), 
B. viridans for the first four to five days after inoculation develops 
no pigment although the broth becomes very turbid. No color 
appears when alkali is added to the broth at this stage, conclu- 
sively showing that the presence of acid interferes with the pro- 
duction of the pigment or its aphanochromatic double and does 
not simply mask the presence of this substance. After eight or 


2° Journ. Expt. Med. 2: 543. 1897. 
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nine days, however, pigment makes its appearance. In sucha 
nutrient medium, then, there is a struggle between two of the 
vital activities of this organism, namely, its ability to produce 
acid and its power to form alkali. The latter “function” in this 
case ultimately gains the upper hand. 

In 3 per cent. saccharose broth the course of events is exactly 
reversed. Saccharose is less easily fermented by this species 
and the result is that pigment is formed at the outset and a two 
days’ growth is well colored. As the saccharose becomes con- 
verted into acid the color slowly fades out and at the end of 
four days it has vanished. 

The pigment formed by all the species is at first, as has been 
shown by Thumm and others, a delicate robin’s egg blue, but as 
the solution becomes more alkaline owing to the bacterial growth, 
the color changes to green, and in strongly alkaline solutions is 
a deep green tint, showing no fluorescence. The addition of 
alkali to a solution containing the blue pigment produces at once 
the same change as is wrought more slowly by the alkali formed 
by the bacteria. 


SUMMARY. 


The upshot of my experiments may be summarized under the 
following heads: 

1. The presence of both phosphorus and sulfur ts essential to the 
formation of the fluorescent pigment. 

The effect of almost infinitesimal quantities of sulfate in the 
presence of phosphate compels us to accept with some reserve 
the statements made by authors as to the production of fluores- 
cence in media devoid of sulfur. Thumm’s curious statement” 
that B. 77. clbus, while it produces fluorescence in a medium com- 
posed of I per cent. ammonium succinate, 0.1 per cent. potassium 
phosphate, 0.04 per cent. magnesium sulfate, 0.02 per cent. cal- 
cium chlorid, and also produces a feeble green fluorescence when 
the magnesium sulfate is omitted, produces no fluorescence at 
all if the calcium chlorid also be left out, is perhaps most easily 


21 Op. cit. 42-43. 
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explicable on the supposition that a small amount of sulfate was 
present as an impurity in the latter salt. 

2. The nature of the base associated with the phosphorus and sulfur 
as not important. 

Thumm observed, as I have done, that the omission of calcium 
chlorid alone from a nutrient solution containing potassium phos- 
phate and magnesium sulfate exerts no perceptible effect on the 
production of pigment, but that the omission of the magnesium 
sulfate alone causes a marked diminution in pigment production ; 
in my own experiments a total inhibition. From this he draws 
the singular conclusion that ‘‘so far as the formation of pigment 
is concerned, magnesium cannot be replaced by calcium.” It is 
not necessary to point out the fallacy involved in such a 
deduction. 

3. The conclusions that may be drawn regarding the depend- 
ence of the fluorescent “ function”’ upon the molecular constitu- 
tion of the ammonium salts may be best appreciated through an 
examination of the constitutional formule of the organic acids 
whose salts were employed. The list is arranged, as far as possi- 


ble, in order of fluorescigenic value. 


Asparagin, COOH. CH,. CH. (NH.). CONH3. 
Succinic acid, COOH. CH,. CH,. COOH. 

Lactic acid, CH,. CHOH. COOH. 

Citric acid, COOH. C(OH). (CH,COOH),. 
Tartaric acid, COOH. CHOH. CHOH. COOH. 
Uric acid, NH. €O. NH. CoO.C=C. NH. CO. NH. 
Acetic acid, CH,.COOH. 

Oxalic acid, COOH. COOH. 

Formic acid, H. COOH. 


Lepierre,*? who studied the behavior of a species closely 
related to if not identical with B. 77. putridus, draws from his 
work the far-reaching conclusions that the fluorescence is inti- 
mately bound up with: first, the bibasicity of the acid; second, 
the existence in the molecule of at least two groups of CH,. 
Conclusions analogous to these cannot be deduced from my own 


22 Ann. de |’Inst. Pasteur g: 643. 
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work. The difference between acetic acid on the one hand and 
oxalic and formic acids on the other is certainly significant, but 
that neither the carboxyl (COOH) nor the methylene (CH,) 
grouping is essential to pigment production is shown by the avail- 
ability of urate. The difference between tartrate and succinate, 
as well as that between formate and acetate does, however, 
clearly indicate that, other things being equal, the presence of 
the methyl or methylene group is coincident with superior nutri- 
tive value and fluorescigenic power. 

4. The presence of acid in the medium not merely conceals 
the existence of the substance to which the color is due, but 
interferes with those vital activities of the bacilli which, in an 
alkaline solution, lead to the production of that substance. 

5. Diffuse daylight is unfavorable to pigment production. 

6. If chemical substances that prove, when in certain pro- 
portions, favorable to growth and to the production of pigment 
be present in excess of a certain quantity, the production of pig- 
ment will be checked, although growth may be more abundant 
than before. 

I may add, as an obiter dictum, that since the pigment is 
of no discoverable advantage to the organisms possessing the 
power of producing it, its production is probably purely inci- 
dental and not an essential vital act. The “ fluorescigenic func- 
tion,” upon which some bacteriologists dwell, is in my opinion 
simply the expression of certain changes wrought by the organ- 
ism upon the nutrient substratum in which it lives. When the 
substratum contains certain compounds, the metabolic activities 
of the organism adjust themselves to these conditions and the 
metabolic products differ correspondingly. It is purely a mat- 
ter of accident and of no physiological significance that under 
certain conditions one of these metabolic products happens to 
be fluorescent. 


THE UNIVERSITY OF CHICAGO. 
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LIST OF FLUORESCENT BACTERIA. 


1. Bacillus aquatilis fluorescens (Lustig). Diagnostik der Bakterien des 
Wassers 64. 1893. 


to 


B. butyri fluorescens (Lafar). Arch. f. Hyg. 13:1. 1891. 
B. chromo-aromaticus (Galtier), Compt. Rend. 106. 
B. cyaneofluorescens (Zangemeister). Centralbl. f. Bakt. 18: 34. 1895. 


B. cyanogenus (Ehrenberg). Cf. Hueppe. Mitt. a. d. Kaiserl. Ges. 2: 


Aw &» Ww 


B. dentalis viridans (Miller). Die Mikroorganismen der Mundhdohle 
316. [2d ed.] 

7. B. erythrosporus (Eidam). Cf. Cohn and Miflet, Cohn’s Beitrige 
3: 128. 

8. B. fluorescens albus (Zimmermann). Die Bakterien unserer Trink- 
und Nutzwiisser 18. Chemnitz, 18go. 

g. B. fluorescens aureus (Zimmermann), of. cz¢. p. 14. 

10. B. fluorescens capsulatus (Pottien). Zeitschr. f. Hyg. 22: 140. 1896. 

11. B. fluorescens convexus (Wright). Memoirs National Acad. Sciences 
7:—. 1895. 

12. B. fluorescens crassus (Fliigge). Die Mikroorganismen 2: 2094. 
| 3d ed. ] 

13. B. fluorescens foliaceus (Wright), Zc. céz¢. 

14. B. fluorescens immobilis (Fliigge), /oc. c7t. 

15. B. fluorescens incognitus (Wright), /oc. c7¢. 

16. B. fluorescens liquefaciens (Fliigge). Die Mikroorganismen 289. 
[2d ed. ] 

17. B. fluorescens longus (Zimmermann), of. c7¢. p. 20. 

18. b. fluorescens mesentericus (Tartaroff), Die Dorpater Wasserbak- 
terien. 18gI. 

1g. B. fluorescens minutissimus (Unna and Tommasoli). Monatsch. f. 
prakt. Dermatol. 9. 

20. B. fluorescens mutabilis (Wright), Zoc. céz. 

21. B. fluorescens nivalis (Schmolck). Centralbl. f. Bakt. 4:545. 1888. 

22. B. fluorescens non-liquefaciens (Fliigge). Die Mikroorganismen 293. 


[3d ed.] 


23. B. fluorescens ovalis (Ravenel). Memoirs National Acad. Sciences 
8:—. 1806. 

24. B. fluorescens putridus (Fliigge). Die Mikroorganismen 288. [2d ed. | 

25. L. fluorescens putridus colloides (Tartaroff), oc. cit. 


26. B. fluorescens Schuylkilliensis (Wright), oc. cé¢. 
27. B. fluorescens tenuis (Zimmermann), of. cz¢. p. 16. 


28. B. fluorescens (Lepierre). Ann. de l'Institut Pasteur 9: 643. 1895. 
29. B. graveolens (Bordoni-Uffreduzzi). Fortschr. d. Med., 1886. 
30. B. iris (Frick). Virchow’s Archiv., 116: 292. 1889. 





a1. 6 
32. B 
33. B 
18ql. 
sac BB, 
16: 300. 
25. D 
36. B 
37. B 
38. B 
30, B 
40. B 
Ar. B 
2. B 
43. B 
44. B. 
(s;. B: 
46. B 
47. B 


Belgique, 





BOTANICAL GAZETTE | JANUARY 


. leuceemiz canis (Lucet). Baumgarten’s Jahrb. 1891 : 319. 


. lupuliperda (Behrens) (cf. Lafar, Technical Mycology 166). 


. melochloros (Winkler and Schréter). Centralbl. f. Bakt. 9: 700. 


oogenes fluorescens (5 varieties) (Zérkend6rfer). Arch. f. Hyg. 
1893. 


. proteus fluorescens (Jager). Zeitschr. f. Hyg. 12: 52 


wn 
= 
o 

Oo 
to 


. pyocyaneus (Gessard). Thése de Paris, 1882. 


. rugosus (Wright), Zoc. ciz¢. 


. scissus (Frankland). Zeitschr. f. Hyg. 6: 398. 1889. 
. smaragdinus-feetidus (Reimann). Inaug. Diss., 1887. 
. Striatus viridis (Ravenel), Zoc. c7¢. 


. virescens (Frick), Zoc. cit. 


. viridescens non-liquefaciens (Ravenel), Zoc. cé¢. 


. viridis (Lesage). Arch. de Physiol. 20: 212. 1888 
viridis pallescens (Frick), oc. cit. 
viridans (Symmers). Brit. Med. Journ. 2: 1252. 1891. 


. viscosus (Frankland), of. cz¢. p. 391. 
acterium osteophilum (Billet). Bull. Scient. de la France et de la 


1890. 


18. Diplococcus fluorescens foetidus (Klamann). Allg. Med. Central- 
zeitung, 1887 : 1347. 


49. Micrococcus fluorescens (Maggiora). Gior. Soc. Ital. d’Igiene 16. 
50. M. versicolor (Fliigge). Die Mikroorganismen 177. [2d ed. ] 








ON THE LIFE-HISTORY OF LEMNA MINOR. 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY. 
XII. 
OTis W. CALDWELL. 
(WITH FIGURES I-59 ) 

THE greatly reduced sporophyte of the Lemnacew suggests 
the desirability of ascertaining to what extent these reductions 
have affected the gametophyte, and of looking more closely 
into the structures reported for the sporophyte. It is well 
known that flowering lemnas are seldom found, although during 
favorable seasons the vegetative plant is constantly seen in pools 
and slowly moving streams. Therefore, when in August 1897 
an abundance of Lemna minor was found in flower it was decided 
to make an investigation of its morphology, in order to 
supplement previous work on the vegetative structures; to 
determine whether the usual sequences of monocotyledonous 
gametophytes and embryos were present; and to discover any 


suggestions of primitive or reduced conditions. 


HISTORICAL. 


The publications upon Lemnacee have been numerous, prob- 
ably the most important being the monograph by Hegelmaier 
(4) in 1868, in which he gives the taxonomic features and also 
the general morphology in a way which is surprisingly accurate 
when one considers the condition of technique at that time. 
Another publication by Hegelmaier (2) deals entirely with the 
taxonomic features of the group; while in 1871 appeared a more 
detailed description of Spirodela (6) than that in the Monograph. 
Hegelmaier has also discussed the taxonomy of the group, based 


upon most recent knowledge (12). A similar work has been 


done for the American species by Thompson (16). Barbeck (8) 
1899 ] 39 
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has described germinating seeds of ZL. minor, and shows that the 
“plumule” emerges from between the folded edges of the coty- 
ledon; that the embryonic root is small and quite transient ; that 


’ 


at the base of the “ plumule,” which persists but a short time, there 
appear quite early the young pouches in which new plants are 
developed vegetatively. The writer falls into a common error 
when he speaks of this vegetative reproduction as ‘‘an interest- 
ing case of parthenogenesis.” 

With reference to the time and conditions of flowering and 
forming vegetative shoots, Guppy (10) thinks that were tempera- 
ture and moisture constantly at the optimum point no flowers 
would be produced. He suggests, further, that the “ winter 
buds”’ are formed by plants which have been weakened by 
flowering. This does not accord with the cases reported by 
various other observers, who state that they are formed with- 
out the intervention of flowers. 

Hegelmaier dealt sufficiently with the morphology of the 
sporophyte to show that it is practically reduced to a structure 
for the work of photosyntax; that part of this structure is so 
arranged as to form pouches which protect the vegetative buds 
and flowers ; and that abundant air spaces, which float the plant, 
are formed by the separation or the breaking down of cell walis. 
By means of numerous figures he showed the history of the 
vegetative structures of the sporophyte. 


None of the above authors investigated the gametophytes. 


rFHE SPOROPHYTE AND ITS VEGETATIVE MULTIPLICATION. 
According to the usual interpretation, the adult plant ( fig. 
z)* is a flattened stem divided into three regions, the basal stalk 
region (fig. 7, @) which represents the first internode, the nodal 
region ( fig. z, 6) from which arise new shoots and flowers, and 
™ All drawings are from Lemna minor, and were made by means of Abbé camera. 
The magnifications given are those of the original drawings. Figs. I-10 have been 
reduced in engraving to three-eighths and the remainder to one-half the original 


size. The stand and oculars used were by Reichert; the objectives were also by the 


same maker, except the ,4, an oil-immersion lens by Bausch and Lomb. ‘The combi- 


nations used were as follows: XX 35 (fig. 8), ocular 160"; objective 3; X 45 (figs. 
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above this another internodal region (fig. 7, ¢) which is entirely 
expanded as an organ of photosyntax. This function is also 
taken up by expanded portions of the node and basal internode, 
which are not distinguishable from the upper internode. In this 





( 


Fic. 1. Diagram of an adult plant. At the right of the main axis is a flower 
with its spathe, f, and carpel extending through the pouch opening. At the left, a 
young plant, e, bearing younger plant, ¢, opposite which is a young flower. a, basal 
internode. 4, node. X 45. 


Fic. 2. Four generations of plants, a, 4, ¢, d, respectively. e, old flower. f, young 
flower. 7, root. 4, root cap. X 45. 


upper region are three strands of conducting tissue, which in 
many cases were seen to proceed from the single vascular bundle 
that passes from the basal internode through the node.  Fre- 
quently this presents the appearance of being one main axial 
bundle with a branch on each side. These conducting tissues 
extend almost to the margin of the frond,’ passing in the upper 
I, 2), 0c. 2, obj. 3; X 73 (figs. 9, 12), oc. 4, obj. 3; X 260 (fig. 10), oc. 160", obj. 7; 
X 520 (fig. 11), oc. 160™", obj. yy 5 X 760 (figs. 4, 5, 6,57, 59), oc. 4, obj. 7; X 890 
7s 


(figs. 14-16, 42), oc. 2, obj. Ys; X 1375 (figs. 3, 7, 13, 17-37, 40, 41, 43-56, 58), oc. 4, 
obj. qs; X 2400 (figs. 31, 32, 38, 39), oc. 12, obj. 4's. 


?The term “frond” is usually applied to this entire plant. The use of the term 
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internode about midway between the dorsal and ventral surfaces. 
They are almost devoid of tracheary tissue, there being in the 
basal half of the strand a single row of very small tracheids, as 
shown by Hegelmaier. Throughout the entire strand there are 
two or three layers cf phloem cells which are densely filled with 
protoplasm. The apical half of the bundle is composed entirely 
of such cells. It is quite probable that no tracheary tissue is 
needed, since the cells of the plant are all in direct contact with 
the water or nearly so. 

As described by Hegelmaier, the pouches in which the vege- 
tative shoots appear are formed by outgrowths from the upper 
and lower surfaces of the parent plant. In an early stage the 
young plant appears in the bottom of the pouch as a very short- 
stalked outgrowth from the node ( fg. z, @), the mother plant 
in this case being about half grown and extending from the 
pouch of the plant 6. My observations agree with those of 
Hegelmaier in that two young plants never appear at the same 
time on one side of a parent plant. While the bud is quite 
young its cells divide very rapidly, but soon cease such rapid 
multiplication and greatly increase in size. As they enlarge, the 
walls of the cells divide to form the air spaces, the latter being 
separated from one another by a single layer of cells. I was not 
able to find cases in which air spaces were formed by the break- 
ing down of cells, as described by Hegelmaier. There are two 
general regions of intercellular spaces, the dorsal and the ven- 
tral, that are incompletely separated by a region of small cells 
through which the conducting strands pass. The cells about the 
air spaces contain very large chloroplasts which, as has been 
frequently mentioned, have unusual freedom of movement. 

The rapidity of this vegetative multiplication is remarkable. 
At the time when a young plant extends half the length of the 
pouch in which it grows, it has itself developed pouches and 
begun a new plant. It is quite common to see attached to one 


is unfortunate, since it was originally applied to the aerial part of the ordinary fern, 
which is morphologically quite different from the lemna plant. In the absence of a 


better term, and since I do not now wish to introduce a new one, the term “ frond ”’ 
may be used at times in this paper. 
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another four to six generations of plants, 
In 


jig. 2 there are shown four plants, two of 


only one of which is fully formed. 


which (@ and 6) are fully formed, one 
(c) is about half the adult size, and one 
With high 


magnification it would be possible to dis- 


(d) is a very young plant. 


tinguish the beginning of a yet younger 
plant from d. The plants 6 and ¢ each 
bear flowers (¢ and frespectively). Fig. 
7 is from the ventral side, so that the 
roots (vy) of the three older plants are 
shown. 


The root arises from the lower side of 


\ 


Fic. 3. Young frond sectioned transversely to flat 


below. a, root cap. 4, meristem region. X 1375. 
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surface, showing young root 


Fics. 4, 5. Young roots, each showing temporary epidermal sheath, root cap, and 
X 760. 


the main body of the root. a@, meristem cells. 
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the node. It may be distinguished quite early, appearing as a 
papilla formed by rapidly growing hypodermal cells (fg. 3). 
This figure represents a median longitudinal section cut trans- 
versely to the surface of the young frond. The epidermal cells 
divide as they are forced out, forming a temporary root sheath. 
This sheath may persist for some time (figs. 4, 5, 6) but is 
finally broken and decays. 

Very early in the development of the root the layer of cells 
is seen (fig. 3,@) that develops into the root cap. This layer 
continues to thicken by additions from the meristem region 
below ( fig. 3, 6). The number of cells constituting this meri- 

stem region is unusually 

a small (figs. 5, a, 6, a), in 

oe | some cases consisting ap- 
eo ; parently of but one cell. 
The walls of these cells 





OSE meCOSale are drawn heavier than 

TUT Tea those of adjacent ones, 
ko ay Pay simply to point them out. 
PHA Miss Amelia McMinn (11) 
AY LEA) states definitely that this is 
gj N/T / an apical cell, and such 
{ may be true as to posi- 
tion, but probably not as to 
morphological character. 





I find no such break in 
Fic. 6. Young roots, each showing tempo- the caniaastaea J of cells at 
rary epidermal sheath, root cap, and the main the root up as shown by 
body of the root. a@, meristem cell. X 760. Hegelmaier in pl. 10, figs. 
8, 9 of his Monograph. 

The root cap is at first united with the main body of the 
root (fig. 5), but back of the growing point it may be seen quite 
early to become free, and before the root has attained any con- 
siderable length the cap has become separated from a region 
opposite to the meristem down to the base of the root (figs. 4, 


6). In the older roots the cap is found still attached to the 
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growing point, and, although it has become free at the lower end, 
it remains closely appressed to the root (fig. 2,4). In fig. 7 


is shown a fairly young root in cross section, in which appears 
the temporary root sheath (@), the root cap (4), and the main 


body of the root (c), in 
which the axial region (d) 
is more or less separated 
from the cortical region by 
air spaces. The cells of 
this axial region, which 
are three or four times the 
length of the cortical cells 
and not so wide, are ar- 
ranged with diagrammatic 
regularity about a central 
cell. The outer cells of 
this cylinder are seen to 
be dividing by periclinal 
walls. This axial cylinder 
is the representative of 


the conducting system of 


# 8 % 1 
Fic. 7. Cross section of young root. @, epider- 
mal sheath. 4, root cap. c, body of root. d, axial 
cylinder. X 1375. 


the root. The structure of the root is not unlike that of other 


water plants, ¢. g., naiads and potamogetons. 


My own observations and those of others have led me to 


suggest that the lemna plant is not necessarily a flattened stem, 


in which the basal internode represents the original stem of the 


plant; or that it is a leaf with the power of producing new 


leaves from the specialized region known as the node; or that 


the basal region represents stem and the upper internode leaf; 


-ut rather that the entire structure is a shoot in which the basal 


and the upper internodes 


and nodal regions are differentiated to serve special functions, 


are entirely undifferentiated. The 


single conducting strand of the basal internode passes through 


the node and into the upper internode, where it may give off 


two branches, as in Z. minor, or more, as in other species. It 


may also branch from the node into the new plants and the floral 
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organs. It appears that this strand is the axial bundle of the 
entire shoot, and that the apical region represents the undiffer- 
entiated condition from which the basal internode and node 
have become specialized. 

With such an interpretation as this, the discussions whether 
this is flattened stem or leaf have no morphological basis, and it 
would be more appropriate to speak of the undifferentiated 
shoot as a thalloid structure than as a stem or leaf or frond. 


ORGANOGENY OF THE FLOWER. 

Plants in the flowering condition usually have well developed 
pouches at each side of the node. In one of these a young 
plant appears, while a flower develops in the other. This flower 
is often accompanied by a young plant, which when present 
appears just outside of the bottom of the spathe. Quite fre- 
quently it grows rapidly, and takes the place of the flower, 
though in many cases the parts of the flower are seen to have 
broken down before they were encroached upon, thereby mak- 
ing it clear that some other influence than pressure from the 
young bud injured the flower. Flowers may reach maturity, 
however, when young buds are growing at the side of the spathe. 

In fig. 8 is shown the diagram of a section made transverse 
to the surface of the plant, passing through the node in such 





Fic. 8. Diagram of cross section of plant showing an old flower in one pouch 
and a young frond bearing a young flower in the other. X 35. 


direction that in one pouch the carpel (a) and stalk of one sta- 
men (6) of an old flower are shown; while in the opposite 
pouch is a young plant (c) which bears a young flower (d). At 
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the outside of this flower is the beginning of the spathe (ce), 
which grows up about the other floral organs. This spathe 
when fully formed is usually one cell in thickness, though rarely 
it is two-celled at the base. It grows rapidly and soon extends 
beyond the edge 
of the frond (fg. 
1, f), becoming 
the only means of 
detecting the pres- 
ence of flowers 
when one is un- 
aided by a magni- 


fying glass. In 


formed spathe is 





. he 
shown as it sur- 10 
rounds the carpel : 
Fic. 9. Flower-spathe enclosing carpel and two sta 
and stamens. mens; ovule seen in carpel. X 73. 
The stamens Fic. 10. Carpel with ovule; stigma region of carpel 


not shown. X 260. 
appear at first as “°° 


one small protuberance extending in the plane of the surface of 
the frond ( fig. a) As this 
projection becomes _ longer 
it branches, each branch 
later becoming one stamen. 
One of these branches is 
always less prominent and 


less advanced than the other. 





In adult stamens the single 
Fic. tt. Longitudinal section of part of row of tracheze ( fig. TZ) of 
filament, showing single row of trache, 4 ‘ : . 

es each filament is seen to have 
x 520. ° ° . 

Fic. 12. The stamens of one flower. Originated from a common 
é, vascular bundle. X 73. bundle at the region of 
branching ( fig.72). When the stamens are mature the anthers, 
the loculi of which lie in one plane, are pushed out beyond the 


margin of the spathe by the rapid elongation of the filament. 
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The carpel arises from the same general region with the sta- 
mens. In figs. 8 and g is seen the nucellus, the projections on 
either side of which are to form the walls of the carpel. These 
projections grow rapidly, soon extending beyond the nucellus. 
A fully formed flower is shown in fig. 9, in which the carpel 
extends beyond the spathe and encloses the single half-anatro- 
pous ovule. Further discussion of the development of the carpel 
and ovule will be taken up in connection with the megaspore. 

The homologies of the floral arrangement are very perplex- 
ing. It may be true, as given in the usual accounts, that there 
are here two flowers, one carpellate, the other staminate, enclosed 
inacommon spathe. I can see no good reason for thus sepa- 
rating the carpel and the stamens. If the conditions are taken 
as they present themselves, it would seem as if this might be a 
single flower, with its parts probably spirally arranged, and 
enclosed within a spathe. If we are to take as evidence the 
supposed relatives of the Lemnacee, the aroids, we must recog- 
nize that the former are represented by forms so greatly reduced 
that we are safe in saying but little as to the kind of aroids 
from which they have been derived. 


DEVELOPMENT OF THE MICROSPORES. 


Young stamens which are not yet represented by distinct 
branches show a group of archesporial cells3 immediately beneath 
the epidermis. One such stamen is shown in fig. 73. The two 
stamens at this time appear as obtuse outgrowths upon a very 
short stalk, the two together presenting the appearance of a 
single stamen in which two archesporial masses may be seen 
(fig. 14). Later stages show clearly that these are not two 
archesporial masses of one stamen, since as the anther grows 
each mass of archesporial tissue broadens and deepens and 
becomes divided by a plate of sterile cells which cease to take 
the characteristic stain of archesporial tissue. This is shown in 

3While there may be some question as to just what cells should be called arche- 
sporial, for convenience I shall use the term in describing the cells of this region 
until they become clearly separated into sporogenous cells and those of the tapetal 
row. 
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the left of the two stamens in fg. 7g. After a short time each 
of these groups of archesporial cells is divided in the same 
way, thus producing the archesporial masses of the four loculi 


of the stamen. This condition is shown in the older stamen of 





Fic. 13. Young stamen with archesporial tissue. X 1375. 

Fic. 14. Two young stamens; in one the archesporial tissue is becoming divided 
by a sterile plate ; beginning of the spathe is seen. X 890. 

Fic. 15. Same as fg. 7¢ but more advanced. X 890. 

Fic. 16. One stamen showing the four loculi well separated. X 890. 


jig. 15, while the younger stamen of this figure has its arche- 
sporium divided into two masses. 

In an examination of later stages in the development of 
these tissues it will be seen that the separating region continues 
to develop new cells until the usual amount of sterile tissue 
between the fully formed loculi may be seen (fig. 76). In the 
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youngest anthers in which archesporial tissue could be detected, 
no indication of the exact region to become sterilized could be 
made out, since all the cells stain alike. However, one may 
soon distinguish the larger, more lightly stained, and less rapidly 
dividing cells which are to form the sterile plate. In Navas 
flexilis Campbell (14) observed that but one archesporial mass 
is formed in each anther; that this multiplies its cells for a con- 
siderable time before there occurs any differentiation into tapetal 
and sporogenous regions; and that ‘even in later stages the 
boundary between the sporogenous cells and those lying outside 
is not always perfectly clear.” But in this mass of archesporial 
tissue no sterilized separating regions were formed, the entire 
mass forming a unilocular sporangium., 

Such conditions suggest certain pteridophytes, where the spo- 
rangia are developed in a manner not unlike those of L. minor. 
In Isoetes we have an archesporial mass which, after having 
grown until it consists of a large number of cells, develops 
plates of sterile cells, the trabecule, which separate groups of 
sporogenous cells more or iess completely from one another. In 
Isoetes the number and arrangement of these groups of sporog- 
enous cells are irregular, while in Z. minor they are regular; 
but in other respects the two present many points in common. 
The origin of the archesporial tissue seems to be the same, 
since in each it originates as a hypodermal layer; in behavior 
it is essentially the same, since in both it divides rapidly, 
forming a mass of cells, some of which become sterilized as 
plates which separate groups of sporogenous cells; and in 
each the tapetum is formed after these sterilized plates are com- 
pleted. 

If my observations and interpretations are correct, and if the 
spore bearing region of Isoetes is a single sporangium, the four 
groups of sporogenous cells of one anther of Z. minor must be 
the same. Whether in angiosperms other than ZL. mnor it can 
be shown that each loculus of the anther is not a real spo- 
rangium, as given in current accounts, but rather that two or four 
loculi of one anther are together the sporangium, must be 
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determined by further work. The question certainly deserves 
careful investigation. 

Following the stage last cited (fig. 76), the archesporial cells 
continue to divide until two or three times the number of cells 
are developed. At about this time there appears immediately 
beneath the epidermis a layer of cells which by their reactions 
to stains are clearly differentiated from the cells beneath 
(fig.17). Their nuclei stain more deeply, and the cytoplasm 
less deeply than the nuclei and cytoplasm of the cells beneath. 
This is the primary tapetal layer, while the cells below are the 
sporogenous cells, or probably by this time they are the micro- 
spore mother cells. The primary tapetal layer, therefore, is not 
cut off from the archesporium immediately following the appear- 
ance of the latter as a primitive layer, but after considerable 
masses of archesporial tissue are formed and segregated. It is 
not a primary but a secondary differentiation. 

Between the mother cells and the epidermis in older loculi there 
are three or four layers of tapetal cells (fig. 78). The number of 
these layers is not 
necessarily regular 
for all the parts of 
a given loculus, as 
is shown in the fig- 
ure just cited. I 
have not been able 
to decide definitely 


upon the origin of 





the tapetum. In 
some preparations Fic. 17. A single loculus ; tapetal layer differentiated 
the relative posi- about sporogenous cells. X 1375. 

: “1G. 18. Same as fg. 77, but advanced to a stage 
tions of the cells Fic. I ame as fig. 17 ut advance 1 stage 
‘ Q which shows several wall layers and the tapetum. X 1375. 
indicate that the 

tapetum has been cut off from the sporogenous cells, while in 
other cases it seems equally clear that it has come from the 
wall layers. It will be borne in mind that in the sporangia of 


the pteridophytes the tapetum is cut off from the sporogenous 
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cell, while in many composites it is equally certain that the 
tapetum is derived from the wall layers. Warming’s account, 
reproduced by several text-books, refers the tapetum of angio- 
sperms to the wall layers. So far as concerns the spermat- 
ophytes, the only evidence offered as to the origin of the tap- 
etum has been the relation of its cells to those on each side 
ot it. If, as appears to be true in this case, the tapetum may 
be derived either from the sporogenous cells or the wall cells, 
or perhaps partly from each, it would become clear that it is 
a physiological rather than a morphological layer. This accords 
with the conditions found in Ranunculus (17) and the sugges- 
tions made in that connection. 

When the microspore mother cells have become free by the 
breaking down of their cell walls, the tapetum sometimes divides, 
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Fic. 19. Loculus with mother cells, the nuclei of which are in synapsis; tapetal 
cells dividing ; wall cells breaking down. X 1375. 
Fic. 20. Same as fg. 79, with no wall cells. Nuclei in early stages of division. 
1375. 
forming groups of cells projecting into the mother cell region 
( figs. 19, 20,21, 22). A large number of cases were observed 
in which cells of the tapetum were projecting deep into the 
cavity of the loculus, a very peculiar case being shown in fig. 23. 
These projecting cells evidently served to nourish the mother 
cells, as the latter were frequently found in close contact with 
them, as shown in the figure last cited. 
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The number of microspore mother cells formed is as large as 
would be expected in a loculus of this size. A striking fact, 


however, is that comparatively few of them develop spores, since 
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Fic. 21. Spore mother cells with distinct chromatin bands in nuclei, and irregular 
masses of cytoplasm about them ; some tapetal cells divided. X 1375. 

Fic. 22. Part of loculus; mother cells with divided tapetal cells. X 1375. 

Fic. 23. Loculus with spore mother cells dividing; one tapetal cell has elon- 
gated very greatly, its nucleus having divided. X 1375. 


many disorganize, and together with the tapetum nourish the 
remaining mother cells (figs. 24, 25). These broken down 
mother cells frequently form incomplete chains extending into 
and almost across the loculus, though such masses are usually 
found near the tapetum. They react to stains as the tapetum, 
and doubtless assume the function of the latter as nutritive 
tissue. Similar conditions are well known in Salvinia and 
Azolla, where disintegrating mother cells gather about the 
remaining ones and nourish them. In Li/@a sudbulata (18), also, 
there are certain cells between the sporogenous ‘tissue and the 
tapetum which seem to represent those just described. 

Each functioning mother cell gives rise to four microspores 


by first dividing into two divisions, each of these again dividing 


by spindles in the same plane as the first, but with their longi- 
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tudinal axes transverse to it (figs. 23, 26, 27, 28). Soon after 


these divisions have occurred the spores assume a spherical form 


and increase greatly in size. 
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Fics. 24, 25. Some of the mother cells broken down and lying more or less 
attached to the tapetum. X 1375. 


GERMINATION OF THE MICROSPORE. 

The walls of the spore thicken, and, after a short period of 
rest, the nucleus shows signs of the approaching germination 
(fig. 30). In fig. 37 is shown a case of division of the micro- 
spore nucleus. At the ends of the spindle are distinct granules 
of unequal size, while near the spindle in the cytoplasm are other 
granules, apparently of the same nature, so far as appearance and 
staining reaction can testify. The spores at this time are usually 
well filled with refractive food masses. 

Usually, though not always, the first division results in the 
placing of one daughter nucleus near the wall of the microspore 
(fig. 32). The nucleus so placed is the nucleus of the genera- 
tive cell. This cell is small, slightly lenticular in outline, and 
stains a little more deeply than the large cells of the germinat- 
ing microspore (figs. 33-39). It remains more or less closely 
applied to the wall of the spore for a short time, then after 
moving a little distance from the wall divides (fig. 30). The 
spindle of this division is smaller than that of the preceding one, 
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the resulting nuclei being also smaller (figs. 38, 39). By the 
time these divisions have been completed the outer spore wall is 


quite heavy, and is covered irregularly with spiny outgrowths. 
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37 
Fics. 26-29. Formation of tetrads. X 1375. 
Fic. 30. Microspore in which the nucleus indicates approaching germination 
X 1375. 
Fic. 31. First division of the nucleus of the microspore; granules at ends of 
spindle and in adjacent cytoplasm. X 2400. 
FIG. 32. Same as fg. 37. Position of spindle which places one daughter nucleus 
near wall of spore. X 2400. 
FIGS. 33-37. Microspores after first division of nucleus ; one cell placed near the 
wall. X 1375. 
Fic. 38. Microspore with generative cell dividing. X 2400. 
Fic. 39. Same as fg. 38, showing male cells. X 2400. 


No indications of thinner regions of the spore wall, especially 
developed to facilitate the escape of the pollen tube, could be 
found. 

Before this time the tissues separating the two loculi on each 
side have broken down, forming the two pollen sacs. These 
break open and the spores float out upon the water. The micro- 
spores of the two anthers are not in the same stage of develop- 
ment at the same time. When the mother cells of the older 
anther are beginning to divide, the corresponding cells of the 


younger anther are just becoming free in the mucilaginous 


material of the broken down cell walls and tapetum. Conse- 
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quently the microspores are not discharged from the two anthers 
of a flower at the same time. 


CARPELS. 


When the stamens are in the stages of development shown in 
jigs. 14 and 15, the beginning of the ovule usually may be dis- 
tinguished. In fg. § the nucellus appears as the elevation in 
the center, while the outgrowth shown in section on either side 
is the beginning of the carpel. The walis of the carpel grow 
very rapidly, soon extending beyond the tip of the nucellus, at 
which point they approach each other. Instead of the carpel 
walls coming together immediately above the nucellus to form a 
solid style, there is a canal which in the adult carpel extends 
from one-fourth to one-half the length of the style. The outer 
end of the carpel is also deeply funnel-shaped, thereby greatly 
reducing the amount of tissue through which the pollen tube 
must pass. Asthe young carpel develops, it presses against the 
upper wall of the flower pouch. This causes it gradually to 
change its direction until its longitudinal axis lies almost in the 
plane of the axis of the stamens (fg. 9). When the tip of the 
carpel escapes from the spathe the funnel-shaped stigma turns 
upward (figs.7, 2). Whether this is merely an attempt to come 
to the surface of the water to catch pollen grains, or to extend 
above the surface to protect the mucilaginous secretion, I could 
not determine. In either case it seems clear that the deep 
funnel-shaped tip is well constructed to hold pollen grains which 


have once become lodged therein. 


OVULES. 

The axial ovule begins to grow with its apex pointed almost 
directly toward the surface of the plant, its longitudinal axis 
being at an angle of about 60° from that of the stamens, which 
it will be remembered lie in a plane almost parallel to the sur- 
face of the frond. The nucellus appears first, as a few-celled 
papilla, which very early has at its sides the projections from 


which the integuments develop (figs. go, gz). On one side the 
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integuments grow much more rapidly than on the other, so that 
when the ovule is fully formed the embryo sac lies perpen- 
dicular to the stalk of the ovule (figs. 9, 70, 42), and ina 





Fic. 40. Nucellus with dividing archesporial cell ; at each side the beginning of 
the carpel; at rim of nucellus the beginning of first integument. X 1375. 

Fic. 41. Nucellus, with megaspore, tapetal cells, and beginning of integuments. 
1375: 
plane parallel to the surface of the frond, with its micropylar 
end toward the base of the frond. It must be borne in mind 
that while the ovule when young was orthotropous, and gradu- 
ally became half anatropous, 
the carpel has also changed 
from an upright position to 
one which is prostrate. Thus 
the position of the ovule has 





constantly changed in two 
directions during growth, 
making it extremely difficult ie ee 
to obtain sections showing 
the successive stages in the 
growth of the carpel, ovule, 
and embryo sac. This diffi- 42 
culty will be more fully ap- Fic. 42. Ovule with embryo sac in which 

oa oe 9 antipodal nucleus is disintegrating; the nucel- 
preciated when it is remem- WKS . 

lus caps the embryo sac. X 890. 

bered that the flowers are so 


small that it is impossible to orient them, or to determine their 
respective ages except under high magnification. Asa result 
of these conditions most of the hundreds of series of sections 
made were of no great value. 
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FORMATION OF THE MEGASPORE. 
Quite early in the development of the ovule an archesporial 
cell (fig. 43) may be distinguished by its greater size and 
greater avidity for stains. Its cytoplasm stains much more 





Fic. 43. Nucellus with archesporial cell. X 1375. 
Fics. 44, 45. Same as fg. 43, but archesporial cell has divided, forming primary 
tapetal and primary sporogenous cells. X 1375. 


darkly than that of adjacent cells, while its nucleus takes a less 
intense stain. This cell enlarges rapidly and soon divides (jig. 
go), giving rise to the primary tapetal cell and the primary 
sporogenous cell (figs. 4, 45), this division usually occurring 
about when the carpel begins its rapid growth around the ovule 
(fig. 45). The primary tapetal cell may divide by a wall per- 
pendicular to the one which separated it from the primary sporog- 
enous cell (fig. gz). I found no cases indicating that it divides 
by periclinal walls to form a tapetal row. Later stages do not 
show more than two layers of cells above the tip of the embryo 
sac, and since nothing was found which could be interpreted as 
remains of tapetal cells the conclusion that no later development 
occurs seems justified. The loss of differentiation in reaction to 
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stains soon renders the tapetal cell indistinguishable from the 
nucellar cells about it. 

The primary sporogenous cell seems to develop directly into 
the megaspore, and as such undergoes a long period of rest. 
Meanwhile the integuments push beyond and enclose the nucellus. 
After the megaspore is formed the cells of the unusually small 


nucellus undergo no further divisions. 


GERMINATION OF THE MEGASPORE. 


The enlarging megaspore encroaches upon the nucellus, 


which, as will be seen from the figures, presently consists of a 





Fic. 46. Eight-celled embryo-sac with nucellus capping micropyiar end. X 1375. 

Fic. 47. Probably an eight-celled sac. X 1375. 

Fic. 48. Sac with oospore, synergids, primary endosperm nucleus, and antipodals. 
X 1375. 


few cells which are so arranged as to form a cap to the growing 
megaspore. The sides of the megaspore are bounded by the 
integuments, and its lower end by the chalazal region of the 
ovule. The nucellus is crowded into the micropyle, and fre- 
quently has some of its cells absorbed by the megaspore, although 
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its outline usually remains rather definite until late stages (figs. 


16,47, 48, 49,50). This same condition was found in Pistia Stra- 
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Fic. 51. Two-celled sac in which 
antipodal nucleus is disintegrating. 
X 1375: 

Fic. 52. Four-celled sac. X 
1375. 

Fic. 53. Sac in which egg ap- 
paratus is formed; probably polar 
nuclei below egg apparatus. X 1375. 

Fic. 54. Sac with egg apparatus 
and pollen tube. X 1375. 


tiotes; while in Allium Canadense 
(19) the nucellus is said to dis- 
appear quite early. 

Up to this point the sequence 
is quite regular, but later there 
appear many irregularities of such 
a nature as to indicate general 
unfavorable conditions for normal 
development. Although after 
prolonged search I succeeded in 
finding preparations showing the 
usual behavior of the angiosperm 
embryo sac, these preparations 
constituted a very small part of 
those which should be considered 
in studying the real conditions of 
the embryo sac of ZL. minor. It is 
only exceptional cases in which 
sacs beyond the one-celled stage 
do not give some evidence of dis- 
organization. The sections 
selected for drawing do not fully 
represent these conditions, since 
they were selected to illustrate 
normal as well as abnormal occur- 


rences. 


In fig. 57 is shown a sac in the two-celled stage, in which the 
micropylar nucleus is normal, while the antipodal nucleus is dis- 
integrating. Both nuclei may again divide, forming the four- 
celled sac (fig. 52), and each of these may divide in the normal 


manner. It is quite common to have the micropylar nuclei 


develop normally, while the antipodal nuclei disintegrate (jigs. 
2, £0, $15 $30 34). 


The polar nuclei may fuse to form the primary endosperm 
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nucleus (figs. 46, 48, 50); or they may fail to meet (fig. 55), 
in which case the upper polar nucleus seems to have been able 
to form endosperm cells without the assistance of the lower 
one. I was not able to determine whether the two cells below the 
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Fic. 49. Micropylar end of sac; recently formed oospore ; part of pollen tube in 
sac and nucellus. X 1375. 

Fic. 50. Sac with unusually large oospore. X 1375. 

FIG. 55. Sac with oospore, endosperm, and antipodals ; lower polar nucleus with 
antipodals. X 1375 

Fic. 56. Same as fg. 55, except the peculiar cells with the antipodals which may 
have come from division of lower polar nucleus. X 1375 


egg apparatus in fig. 53 are endosperm cells or polar nuclei. 
An interesting case is shown in fg. 56, in which the upper cell 
is probably an oospore, while below it are five cells, evidently 
endosperm cells. In the antipodal end of the sac are the remains 
of the antipodals, and immediately above them two very large 
cells which have the cytoplasm somewhat definitely organized. 
They do not stain as disintegrating cells, but react in a manner 
quite different from the five cells above them. I am not able 
to speak confidently in reference to these cells, but it is quite 
possible that they may have resulted from the division of the 
lower polar nucleus, while the five cells above may be the 
progeny of the upper polar nucleus. 
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Similar behavior is reported for Adium tricoccum (19) and A. 
Canadense (19), in which of 170 embryo sacs examined at stages 
which should show antipodals they were found in but forty-five, 
there being in some of these but one or two of the cells present, 
and these very small and irregularly crowded together. Of these 
170 sacs the egg apparatus was found in 165, and later stages 
examined showed normal embryos. <A very large number of 
older ovules of A. cernuum was examined, there being but six 
embryos found. 


FERTILIZATION AND FORMATION OF EMBRYO, 

A very small per cent. of the female gametophytes succeed 
in developing oospheres and persisting until fertilization occurs, 
for, as has been stated, disorganization most often occurs before 
the egg apparatus is complete. The succession of regions as dis- 
organization proceeds is noteworthy. Disorganization first affects 
the antipodals and may proceed no further, a condition of things 
very common among angiosperms; it may advance to the polar 
nuclei or endosperm and stop there; or it may involve the egg 
apparatus, which is the last to succumb. This process often 
involves the entire ovule to such an extent that it has almost 
disappeared when under ordinary conditions oospores would be 
found. 

A sufficient number of cases were found, however, to show 
that fertilization and embryos may occur. In one case the 
pollen tube was seen to have penetrated the sac, and extended 
almost to the oosphere (fig. 54), and in fig. gg the remnants of 
the tube appear while the sex cells have just fused. An abnor- 
mally large oospore, which almost fills the micropylar end of 
the sac, is shown in fig. 50. Other oospores are shown in figs. 
18, 55, 56. Itis quite evident that many more oospheres are 
formed than are fertilized. 

I was unable to make a sufficiently full investigation of the 
development of the embryoto justify any definite conclusions. The 
embryos shown in figs. 57 and 58 do not show the form supposed 


to be typical for monocotyledons, as given in Alisma (5 and 13), 
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sor cells have divided by longitudinal walls and no definite embryo 
cell or cells can be distinguished. It is quite evident that there 


is more of a suspensor than is shown 


and Lilaa (18). But, as in Lilian Philadelphicum (15), the suspen- 


for this species in Hegelmaier’s JMono- 
graph in his figs. 3, 47, 5. Other fig- 
ures by Hegelmaier represent young 
embryos of this species as each having 
avery large terminal cotyledon, with 


the small plumule arising laterally near 


the suspensor region. 4 nef 
After fertilization the cells at the (CoKo PN. 
tips of the integuments enlarge and can, hee, 
divide (fig. 59), crowding close pc 
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Fic. 57. Embryo, nucellus, and the peculiarly thickened tips of the integuments. 
X 760. 
Fic. §8. Young embryo attached to the nucellus ; 


; the base of the same embryo 
is shown in fig. 59. * 


K 13755 

Fic. 59. Tips of integuments, the cells of which are enlarged ; the nucellus and 
lower end of the embryo. X 760. 

together until there is a compact tissue of heavy-walled cells 
completely closing the micropyle (fig. 57), forming the so-called 
beak or operculum of germinating seeds. In no case where fer- 
tilization was not accomplished was such a structure seen 
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In undertaking this investigation 1 had hoped to find abun- 
dant embryos and germinating seeds, in order to determine the 
comparative morphology of the parts of the plant. But as few 
were found I can make little addition to the statements of other 
writers. When the seed coats burst the cotyledon appears first, 
and is so folded that it encloses the young stem. An absorbing 
organ remains in contact with the food material of the seed. 
The basal and nodal regions of the shoot soon become differen- 
tiated, and quite early there are developed the pouches in which 
are the new vegetative fronds. The energy of the plant now 
seems to be directed toward this new frond rather than to the 


embryonic organs, since all of the latter very soon disappear. 


ECOLOGICAL NOTES. 


kn this connection I need but to mention the numerous 
large air spaces for aeration and floating, and the chloroplastids 
which have such great power of adjusting themselves to the 
light, to recall two prominent ecological adaptations of this 
plant. 

Water and pollination.— It will be remembered that most water 
plants, e. g., Naias, Vallisneria, and Elodea, have adaptations 
for securing pollination which are especially suited to their 
water environment, while the structures of the ovule, so far as 
reported, are rather normal. In Lemna we seem to have a plant 
which has exchanged a land for a water habitat, and in so doing 
has not succeeded in working out such effective devices for pol- 
lination as have the real water plants. This might add addi- 
tional testimony in favor of the view that lemnas are derived 
from terrestrial forms. The terrestrial method of pollination 
seems to have proved almost a failure in the new conditions, and 
this may be the ultimate cause for the more or less complete 
disorganization of the structures of the embryo sac. 

Winter buds.—There has been much discussion with reference 
to the winter buds, the usual idea being that they are morphologic- 
ally different from the summer buds, but I have not been able to 


detect any striking differences. In the winter buds the air spaces 
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are not abundant, and the bud is more nearly spherical. It must 
be borne in mind, however, that winter buds are formed only 
when the environment is becoming unfavorable. For this reason 
fewer air spaces are developed, and the cells do not divide so as 
to increase the bud in length. The greater rotundity of the 
winter bud, therefore, is not due to increase in thickness, but 
rather to decreased length, as compared with the ordinary sum- 
mer buds. Since few air spaces are developed and gases are no 
longer actively produced, when the bud becomes free it sinks to 
the bottom of the pond or stream, or remains suspended in the 
water a little above the bottom. When the conditions again 
become favorable the bud begins to grow while in the winter 
position, and soon produces sufficient air spaces and gases to 
cause it to come to the surface of the water. By this time it 
has usually begun one or two new vegetative fronds. 

My observations do not indicate that winter buds necessarily 
follow the production of flowers as stated by Guppy (10). A 
large number of cases were observed in which the usual summer 
frond develops at the same time that the flower is formed, or 
immediately afterwards. Hegelmaier doubts whether winter 
buds are ever formed in the tropics. 

Flowers.—The ecological significance of the conditions of the 
flower of Lemna minor is very suggestive. It is known that 
flowers are developed very infrequently, and when one considers 
that in most of those formed the embryo sac structures and 
ovules break down at various stages in their development, result- 
ing in great paucity of seeds, it becomes evident that the condi- 
tions which favor vegetative multiplication have led to great 
reduction of ordinary seed formation. The device of winter buds 
also greatly assists the plant in discontinuing the seed habit. 


SUMMARY. 


1. The sporophyte of Lemna minor cannot be definitely 
homologized with either a stem or a leaf, but is a shoot undiffer- 
entiated except at the basal and nodal regions. 


2. The secondary root is formed from a group of hypodermal 








64 BOTANICAL GAZETTE [JANUARY 


cells at the node. The epidermis, which is pushed out, persists 
for a considerable time as the temporary root-sheath. The root- 
cap while young adheres to the main body of the root, but later 
becomes entirely free except at the growing point. The number 
of cells constituting the meristem region is unusually small, 
sometimes being reduced to one or two. An axial strand of 
undifferentiated cells is the representative of the conducting 
system of the root. 

3. Flowers are rarely formed, and when present part or all 
of their organs may disorganize at any stage in their develop- 
ment. 

4. In young flowers the nucellus and stamen papilla first 
appear, and about the nucellus is the beginning of the carpel. 
The spathe appears outside of the carpel and stamen papilla. 
The two stamens arise from the branching of the papilla. 

5. Asingle archesporial mass appears in each stamen. This 
is later divided into two, then into four masses, constituting the 
archesporial masses of the four loculi of the anther, which four 
loculi constitute one and not four sporangia. 

6. The primary tapetal layer is not cut off at the first division 
of the archesporial cells, but after these have become separated 
into four regions. 

7. It seems clear that the tapetum is not a morphological 
but a physiological layer. 

8. After the microspore mother cells have become free the 
cells of the tapetum frequently divide, pushing into the cavity 
of the loculus. 

g. Many microspore mother cells disintegrate and function 
as tapetal cells. 

10. The microspores germinate within the sporangium. The 
generative cell remains closely applied to the wall of the spore 
for a time before dividing. 

11. In the megasporangium the primary tapetal cell usually 
undergoes no further division, while the primary sporogenous 
cell passes directly over into the megaspore. 

12. Normal embryo sac structures are developed in com- 
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paratively few cases, the rule being that disorganization stops 
the process at some stage. This disorganization first affects the 
antipodal end of the sac. In sacs which have succeeded in 
developing endosperm we find it next attacked; and last to 
succumb to unfavorable conditions is the egg apparatus. 

13. In case the polar nuclei fail to fuse one or both of them 
may develop endosperm without fusion. 

14. Owing to the above conditions there is great paucity of 
seeds, not enough having been found to determine the homologies 
of the sporophyte. 

15. The winter buds are summer buds which have failed to 
develop sufficient air spaces and gases to float them, and hence 
sink. When conditions become favorable again such are devel- 
oped and they again come to the surface. 

16. L. minor seems to have descended from terrestrial forms, 
and has not succeeded in adjusting to a water environment the 
processes involved in developing seeds. 


In closing I wish to express my thanks to Dr. John M. Coulter 


and Dr. Charles J. Chamberlain for many valuable suggestions 
and criticisms given during the progress of this work. 
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BRIEFER ARTICLES. 


ADDITIONAL HOST PLANTS OF PLASMOPARA CUBENSIS. 


In view of the fact that no certain information is at hand concern- 
ing the original host of Plasmopara Cudensis (B. & C.) Humph., except 
that it was a cucurbitaceous plant from Cuba, some interest may attach 
to an enumeration of the many new host species of the order Cucurbi- 
taceze upon which it has been collected about Wooster during 1898. 
While preparing for a study of this fungus in the extensive cucum- 
ber pickle fields of this county (Wayne) in which it had been signally 
destructive in 1897, the writer secured seeds of most of the usual spe- 
cies of the order and planted them, together with the cultivated varieties 
of cucumbers, muskmelons, watermelons, pumpkins, gourds, and 
squashes, in the pathological garden of the Ohio Experiment Station. 
The species represented the genera Micrampelis, Sicyos, Abobra, Melo- 
thria, Cucurbita, Momordica, Cucumis, Lagenaria, Benincasa, Coccinea, 
Trichosanthes, Bryonopsis, Cyclanthera, and Mukia, according to the 
seedsman’s classification. A Madeira vine, Boussingaultia baselloides, 
was planted with the others. Unfortunately the seeds of Sicyos, 
Micrampelis, Cucumis perennis and Momordica elaterium did not ger- 
minate, and the plants of Adobra viridiftora and Cucumis grossulari@for- 
mis perished before midsummer. Plants of AZzcrampelts lobata (Michx.) 
and Sicyos angulatus \.. growing along streams by diseased cucum- 
ber fields were attacked by Plasmopara Cudensis, the former very exten- 
sively, the latter quite rarely. As for the assembled cucurbits, all the 
surviving species except Benincasa cerifera and Cyclanthera explodens 
were more or less freely attacked by the same fungus. 

The Wayne county host plants for Plasmopara Cudbensis are accord- 
ingly : 


Cucumis sativus, C. Melo, C. odoratissimus, C. ertnaceus, Cucurbita pepo, 
C. Melopepo, C. verrucosa (?), Citrullus vulgaris, Lagenarta vulgaris, 
Coccinea Indica, Bryonopsis lacinitosa erythrocarpa, Mukia scabrella, 
Momordica balsamina, M. charantia, Melothria scabra, Trichosanthes 
colubrina, Sicyos angulatus, and Micrampelis (Echinocystis) lobata ; not 
1899 | 67 
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Benincasa cerifera or Cyclanthera explodens. This Plasmopara has 
previously been reported upon five of the above named hosts, and upon 
Cucumis Anguriaand Cucumts moschata ;* its appearance upon so large 
a number of new hosts has added interest to this part of the study. In 
every case the cucumbers and muskmelons were first attacked, then the 
other cucurbits. No plant outside the order has as yet been attacked 
by this Plasmopara and no oospores have been discovered here either 
for Plasmopara Cubensts or Plasmopara australis (Speg.), which was 
found in abundance on Sicyos angulatus and sparingly upon adjoining 
plants of AZicrampelis lobata adjacent to a diseased pickle field. It may 
be further observed, that Plasmopara Cubensis (B. & C.) is clearly dis- 
tinct from Plasmopara australis (Speg.) whether examined upon the 
same hosts (Micrampelis and Sicyos) or upon the different hosts of 
the former. 

I shall be pleased to supply, as far as possible, to any mycologists 
who may desire them, specimens of these fungi upon the various 
hosts.—A. D. SELBy, Ohio Agricultural Experiment Station, Wooster, 
Ohio. 


COPPER IN PLANTS. 

CoprerR is an element of very wide distribution in the bodies of 
plants, a matter which appears to be determined by the presence of 
the metal in the soil rather than by the exercise of any selective power. 
Specimens grown in ordinary soils may contain as much as 30" of 
this substance to each kilogram of dry matter, while those in rich soils 
may yield 560" from the same quantity of dry matter according to 
Lehman.? The wood of a tree, Quercus macrocarpa Michx., recently 
submitted to Professor Frankforter of this university for chemical anal- 
ysis, was found tocontain slightly less than 500% of copper to each kilo 
of dry matter. When the matter was called to the attention of the 
writer, the entire trunk and crown of the tree had been carried away, 
with the exception of a short stump from which the bark had been 
stripped. This rendered impossible any attempt to determine the 
distribution of the substance throughout the plant. It was evident, 
however, that it was dead before it had been cut down. The examination 
of the material at hand showed the copper in the form of finely divided, 

™ Stewart, Bull. N. Y. Expt. Station. 


? Der Kupfergehalt von Pflanzen und Thieren in kupferreichen Gegenden. Archiv 
fur Hygiene 27:1. 1896. 
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reddish-brown particles in the tracheides, vessels, and medullary 
parenchyma. It is presumed that it gained entrance to these tissues 
before the death of the tree and had therefore passed through the con- 
ducting elements and been absorbed by the living cells of the medullary 
rays. This tissue also contained starch both in the 
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cells containing copper and those free from it. It is 
not easy to predicate in what form the copper was 
taken up by the plant, but probably as a carbonate, 
which would be reduced to the metallic state in the 
tissues. The large amount of the substance present 


rather supports Lehman’s conclusions that it does not 





exert a marked injurious influence upon plants. Its 
Medullary cell 


occurrence throughout the annual rings indicates that 65 Quercus macro- 


it had been freely absorbed during nearly a decade.  carfa, containing 
However, the death of the tree may have been finally _ particles of metal- 

k , ‘ i 3 lic copper. 
caused by the influence of this substance. 

Mr. J. B. Skertchly has found that Polycarpea spirostylis ¥. von 
Mueller occurs in such close connection with the copper deposits of 
North Queensland in such an invariable manner that it may be used as 
indication of copper deposits in the soil or in solution in the streams 
near by. On this account he has named it the “copper plant,” and 
notes also that in regions rich in copper it is the predominant member 
of the herbaceous flora.* It is of interest in this connection to note 
that Lehman found that the tissues of fowls feeding in regions rich in 
copper yielded 15.5—115"* of this substance per kilo of dry matter. An 
investigation of the plants growing in the copper regions around Lake 
Superior, and near the dumping grounds of cities, would doubtless 
bring some interesting results as to the absorption of metals.—D. T. 
MacDouca., University of Minnesota. 


FROST FORMATIONS. 
THE purpose of this note is to collect the records of observations 
of frost formations on plants not included in my résumé in this journal.‘ 
A letter from Professor Trelease dated April 7, 1894 states that he 
had observed the formation of crystals of ice on Verdesina Virginica 


>Tin Mines of Watsonville, Rep. by J. B. Skertchly, Assistant Geologist, Queens- 
land. 1897. 


4179: 120. 1894. 








70 BOTANICAL GAZETTE | JANUARY 


at Bismarck, Missouri, in November of the previous year. He notes 
that “the air was rather moist. ‘Temperature below freezing point in 
the shade. Soil moist. Plants recently dead. Plates (crystals of ice) 
noted about 2 to 5 p.M. on plants in shade—as though formed over 
night and melted elsewhere. At the same time similar crystals were 
seen on the soil and pebbles along paths.”’ 

Mr. F. E. Hand has observed the frost ribbons on Cuntla Mariana 
in Kentucky.$ 

Mr. Valerio described the occurrence of such formations in Alabama 
as follows. 


On January 27 the minimum temperature at this station was 14°. The 
next morning, going down the hillside by my house I noticed, on the dry 
grass and low brush, what at first sight I took for snow and nearer for bunches 
of cotton, but which on closer examination I found to be frostwork of a very 
peculiar shape and form, looking very much like fine stick or ribbon candy, or 
fine Venetian glass. These ribbons, beautifully curled and feather-like, came 
out from the stubs of the plants and, from a sample which I inclose, you will 
notice the bark was taken off the plants. The width of the frost ribbon 
was as the length of the cracks inthe plant. They looked like fine shavings 
of a very white wood and crumbled at the touch. 


Dr. Cleveland Abbe says concerning the formation of ice columns 
on soils:?. “It is undoubtedly not only very common in our latitudes 
and soils, but is also quite an important item in agricultural soil 
physics.” The formation of such crystals on the surface of the soil is 
due primarily to the freezing of the upper portion of the hygroscopic 
water on the soil particles and its elevation by the successive films of 
liquid water which replace it. A very ingenious and delicate experi- 
ment is suggested in imitation of this action. In regard to frost crys- 
tals on plants Dr. Abbe says: ‘When the outer air is frosty, while 
the sap is pressing up the body of the tree, a thin film of moisture may 
possibly be supplied from within as fast as the outer film at the surface 
of the crack may be frozen and lifted, and may thus form the exudation 
from the trees.” 

The notes given above establish quite clearly that the frost crystals 
which appear to exude from the tissues of dead plants are due to 
physical conditions quite similar to those found in soils, and to be in 

5 Monthly Weath. Rev. July 1897. 

© Rep. Climate and Crop Service, Jan. 1895. 


7 Am. Meteor. Jour. 9: 523. 1893. 
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no way connected with the activity of protoplasm. ‘The well-known 
power of dead roots to take quantities of water would furnish the 
necessary supply of this liquid. That ice crystals can be formed 
elsewhere and almost anywhere in or on living woody plants has often 
been demonstrated, but such phenomena ensue under conditions differ- 
ing widely trom those offered by the soil or dead herbaceous plants. 
D. T. MacDouGa., University of Minnesota. 


ANOTHER STATION FOR THOREA RAMOSISSIMA. 


On October 1, 1898, Mr. A. A. Hunter, collector for the botanical 
laboratory of the University of Nebraska, was fortunate enough to find 
good specimens of the curious and apparently rare alga Zhorea ramo- 
sissima Bory, in Rock creek, a small stream near Lincoln, Nebraska. 
The plants were floating a little beneath the surface, along with other 
algee, in swift-running water. Enough material was obtained for a 
thorough study of the structure of the free-floating part of the plant, 
and these have since been kept alive and growing in aquaria in the 
University plant houses. No specimens of the basal disk® have yet 
been secured, but as the station is not difficult of access it is hoped 
that these may be obtained next season, and the sexual organs studied. 
A preliminary paper is now in preparation by Mr. Hunter and G. G. 
Hedgcock, in which what is known of its structure and distribution 
will be discussed.— CHARLES E. Bessty, Zhe University of Nebraska. 


° Haftscheibe or Fuss of Schmidle. Hedwigia 35:3. 1896. 








CURRENT LITERATURE. 
BOOK REVIEWS. 


The African flora. 


IN VARIOUS European botanical centers the flora of Africa is receiving 
special attention, and what are called “novelties” are being published with 
bewildering rapidity. At Berlin, under the direction of Professor Engler, the 
publication of such work was begun in 18g2 in the issues of the Royal Botan- 
ical Museums and Botanical Gardens. The time has come, however, to 
organize the results in some way, so that they may show more than lists of 
novelties. With this in view, Dr. Engler has arranged for a series of mono- 
graphs, in which characteristic families and’genera will be presented not only 
from the taxonomic standpoint, but also from that of their geographical dis- 
tribution and economic value. As is to be expected under Dr. Engler’s 
direction, geographical distribution does not have the narrow meaning it once 
had, but is largely ecological, bringing out not merely areas, but the relation 
of vegetation to them. The first two parts' are now before us, and text and 
piates both give promise of a magnificent series. 

The Moracez are represented as follows: Morus (2 species), Chloro- 
phora (2), Cardiogyne (1), Dorstenia (41, of which I1 are new), Trymat- 
ococcus (2), Mesogyne (2), Scyphosyce (2), Treculia (5), Artocarpus (2), 
Bosqueia (5), Myrianthus (6, of which 1 is new), Musanga (1), Cannabis (1). 
The African display of the group is also compared with its occurrence in 
tropical America and the East Indies. In conclusion the following facts are 
said to be evident: 

(1) A striking relationship between the forest floras of Africa and tropical 
America; (2) a less striking relationship with the tropical Asiatic forest 
flora; (3) a somewhat important difference between the forest floras of east 
and west Africa; (4) a very evident difference between the Abyssinian forest 
flora and that of the rest of tropical Africa; (5) a transition and adaptation 
of the forest types to the steppes and deserts as well as to the mountains. 

The Melastomacez are represented in Africa by twenty-three genera, the 
largest of which are Dissotis (51 species, 14 of which are new), Memecylon 
(35, with 22 new), Osbeckia (16, with 6 new), Tristemma (15, with 7 new), 

*Monographien afrikanischer Pflanzenfamilien und Gattungen herausgegeben 
von A. Engler.—I. ENGLER, A.: Moracez (excl. Ficus. 4to. pp. iv-+ 50. p/. 78. 
Wilhelm Engelmann: Leipzig. 1898. J/ 12.—II. Giuc, E.: Melastomacez. 4to. 
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Calvoa (8, with one new), Amphiblemma (7). A new genus, Afzeliella, is 
described, founded upon Guyonia ciliata Hook., in addition to the seven new 
genera (Urotheca, Petalonema, Cincinnobotrys, Myrianthemum, Tetraphyl- 
laster, Phazeoneuron, and Orthogoneuron) described by the author in Engler’s 
Pflanzenfamilien. In comparing the African representation of the family 
with its occurrence in other tropical regions, it is stated that the relationship 
to tropical America is hardly worth mentioning, while that to the East Indies 
is striking. This conclusion, taken in connection with that of Dr. Engler, 
mentioned above, in his study of the Moracez is especially interesting. 


J. Mo. 


Schwendener’s collected works. 


TWENTY YEARS ago Prof. Dr. Simon Schwendener was called to the Uni- 
versity of Berlin. For some years he has cherished the wish to bring together 
his papers published in the Berichte and Abhandlungen of the Royal Prussian 
Academy of Sciences and occasionally in other places. This wish has now 
been realized in the publication of two octavo volumes of almost goo pages.? 
The time is particularly opportune, because since January 1, 1898, separates 
of the publications in the Academy transactions have been made available to 
the book trade. 

The papers, to the number of thirty-one, have been reprinted without 
change, except of typographical errors and mistakes in calculations. The 
place of original publication is also cited. We wish we could add that the 
original pagination was indicated, but this has unfortunately been overlooked 
or considered inadvisable. To a few of the papers the author has added 
brief supplementary remarks, either by way of defense or explanation. 

The arrangement of the papers is according to subject and, within each 
category, chronological. The range of subjects is so great that we think it of 
enough interest to reproduce the list: Trajectoric curves ; stomata ; phyl- 
lotaxy ; ascent of sap; swelling and double refraction ; twining of plants ; 
stability (/estigkeit) of plants; latex vessels; protective sheaths; pulvini. 
Besides these he has papers in collaboration with G. Krabbe on torsions of 
leaves and on the relation between turgor and growth. On each of these 
subjects there are from one to three papers, except on phyllotaxy which 
includes six. 

Nothing need be said as to the contents of the volumes, for Schwendener’s 
researches have already a high place in the esteem of his contempuraries. It 
is a matter of congratulation both for author and botanists that they have now 
been conveniently collected as have those of Sachs, Nageli and Pringsheim. 
C.R.B. 


?SCHWENDENER, S. Gesammelte botanische Mittheilungen. 8vo. Vol. I. pp. 
vili + 453. figs. 75, pl. 77. Vol. Il. ppvi+ 419. fgs. 8, pl. 75. Berlin: Gebriider Born- 
traeger. 1898. JZ 25. 
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NOTES FOR STUDENTS. 

Dr. LiuGi BUSCAGLIONI suggests the use of ‘Sudan III”’ in botanical 
microtechnique. It stains wax, cutin, and suberin intensely red, while cellu- 
lose membranes, collenchyma, gelatinous and lignified membranes remain 
uncolored. Of the cell contents the nucleus, nucleoli, protoplasm, starch 
grains and tannins remain unstained ; while fats, resins, and latex stain bright 


red, and the chloroplasts pale red.—C. R. B. 


BRONISLAW DEBSKI3 finds that during oogenesis in Chara there is no 
reduction in the number of chromosomes. After the breaking down of the 
nuclear membrane, but before the formation of the spindle, protoplasmic 
radiations may be seen around the nuclear cavity. Spindle development was 
not followed in detail, but Debski is inclined to think that it is at first multipolar. 
The cell plate arises from thickenings of the connecting fibers. In the 
nuclei of nearly all mature cells changes occur in the nucleoli and nuclear 
network. These changes lead to fragmentation of the nucleus and such cells 
are no longer capable of division. The cell wall in Characez shows no cellu- 
lose reaction with chlor-iodide of zinc or with iodine and sulfuric acid. 

In a previous article Debski showed that no reduction in the number of 
chromosomes takes place during spermatogenesis in Chara.— CHARLES J. 
CHAMBERLAIN. 


PARTHENOGENESIS in plants is, to say the least, a very rare phenomenon, 
Chara crinita, species of Saprolegnia, and perhaps JJarstlea Drummondiit fur- 
nishing the only fairly proven cases among cryptograms. In Calebogyne tlict- 
folia, formerly believed to be parthenogenetic, itis now known that the 
embryos developed from nucellar tissues and not from an unfertilized egg. 
Kerner assumed parthenogenesis in Avfennaria alpina because pistillate 
plants developed seed when no staminate plants were in the vicinity. J/e7- 
curialis annua is also said to be parthenogenetic. 

H. O. Juel4 has made a careful survey of the embryology of Axtennaria 
alpina. He reports that generally only pistillate plants are to be obtained, 
and even when staminate plants are found the pollen is either entirely lacking 
or feebly developed. The development of the embryo sac is normal up to 
the eight-celled stage. The antipodals continue to divide and form quite a 
tissue. The polar nuclei do not fuse, but each divides independently and 
contributes to the endosperm, so that, like the egg, they are capable of divi- 
sion without a previous fusion. This seems to be a perfectly proven case of 
parthenogenesis.— CHAS. J. CHAMBERLAIN. 

3 Weitere Beobachtungen an Chara fragilis. Jahrb. f. wiss. Bot. 32:636-670. A/. 
71-12. 18098. 


4 Bot. Centralbl. 74: 369-372. 1898. 
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ITEMS OF TAXONOMIC INTEREST areas follows: A good figure of /7yfert- 
cum galioides Lam. has been published in Gardener's Chronicle (Ill. 24: 301. 
1898).— Beckwithia is a new genus of Ranunculacez, described by W. L. 
Jepson (E7ythea 6: 97-99. 1898). The single species, 2. Austine, is said to 
be so strikingly like ltola Beckwithii in habit as to have suggested a possible 
teratological form of that species. The affinities of the genus are uncertain, 
suggesting Anemone in general appearance, and Pzeonia in its more technical 
characters. The flowers have not been seen. The plant was discovered in 
Modoc county, California.—John W. Harshberger has published (Proc. Philad. 
Acad. 1898 : 372-413) the results of his recent observations upon the Mexican 
flora, made mostly in the Valley of Mexico. A catalogue of species is given, 
with critical notes.—In the current Bud/. Torr. Bot. Club (25 : 561-565. 1898) 
George V. Nash has published a revision of 77zA/asts, a group of grasses 
frequently placed under Triodia. Three species are recognized, 7. purpurea, 
T. intermedia (a new species), and 7. Americana. In the same journal (580- 
582) A. A. Heller continues his presentation of new and interesting plants 
from western North America, including a new Hydrophyllum from Washing- 
ton.—Janet R. Perkins has published (Zuxgder's bot. Jahrb. 25 : 547-577. 1898) 
some of the results of her investigation of the Monimiacez. After a discus- 
sion of the general features and taxonomic characters of the group, the 
author presents a synopsis of the Mollinediez, including ten genera, five of 
which are proposed as new (J/acropeplus, Macrotorus, Steganthera, Antho- 
bembix, and 7Tetrasynandra.)—Under the title “Phycological Memoirs” 
DeAlton Saunders has begun a series of papers in Proc. Calif. Acad. Sci. 
(IIL. 1:147-168. 1898, with 21 lithograph plates). This first contribution 
considers “Some Pacific Coast Ectocarpacez,” and ‘“ Sphacelariacee and 
Enceeliacez of the Pacific Coast.’’ Seven new species of Ecfocarpus are 
described, also new species of SPhacelaria, Scytosiphon, and Colpomenia. A. 
new genus of Enceeliacee is described, founded on Punctaria Winstonit 
Ands., and named //a/orhifis (“ sea-fan’’)—J. M. C. 


IN CELEBRATION of the twenty-fifth anniversary of the doctorate of Dr. 
Melchoir Treub, director of the botanical garden at Buitenzorg, the publishers 
of the Anna/es of the garden have issued a supplement (pp. 167, A/. 9) con- 
taining twenty-three short papers prepared by some of those who have been 
accorded the privileges of the garden, both botanists and zoologists. Solms 
Laubach describes the development of the ovule and seed of Rafflesia and 
Brugmansia. Molisch discusses the bleeding of tropical trees in full leaf, the 
pressure in the night often exceeding two atmospheres. Haberlandt describes 
the movements of the leaves of Biophytum, and believes the transmission of 


impulses to be through plasma connections in the cells of the vascular bundles. 


Schiffner establishes a new genus of Hepaticie, Wettsteinia, based on P/agio- 
chila inversa Sande Lac., and 7y/imanthus scaber Schiff. Karsten presents 
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some new researches on the formation of auxospores in diatoms. Goebel 
shows that in all observed Muscinez the wall of the antheridium is active in 
dehiscence, and is not merely ruptured by the swelling contents. Went 
points out a periodicity in the blooming of Dendrobium ; Ewart has a general 
paper on physiological research in the tropics; Wiesner describes a new form 
of false dichotomy in the shoots of woody plants; Massart writes on epiphyl- 
lous plants, represented by algie, lichens, hepatics, and mosses. Warburg 
emphasizes the antithesis between the tropical strand flora of America (incl, 
West Africa) and that of Asia (incl. East Africa). Boerlage describes the 
manner of floating and the germination of the fruits of Heritiera littoralts, a 
coast tree of all the Malayan islands. Kamienski describes a new terrestrial 
Utricularia which he dedicates to Treub under the name U. 7reudz. Besides 
these there are several other botanical papers of less general interest.— 
CRs SB. 

IN A PAPER just published’ by Dr. R. H. True and C. G. Hunkel, on the 
poisonous effect exerted on living plants by phenols, the authors summarize 
their results as follows: 

“We find, as far as our knowledge of the dissociation of the phenylic 
compounds permits us to draw conclusions, that, except in isolated instances 
electrolytic dissociation plays but a very subordinate role in determining the 
toxic properties of these substances. Picric and salicylic acids strongly dis- 
sociate and become powerfully poisonous by virtue of the H ions, in great 
measure. Pyrogallol and probably methyl salicylate first undergo other 
molecular changes, after which their products dissociate electrolytically. 
Here the H ions may account for much of the toxic action. In the cresols 
and mono-nitrophenols, electrolytic dissociation seems to exert a pronounced 
influence. Some phenols are comparatively weak in their integrity, but 
quickly change to substances containing constituents even more fatal than H 
ions. Pyrocatechol, and especially hydroquinone, are of this class. 

‘Certain radicles seem to have specific properties when introduced into 
the molecule, modifying the toxic value. The number of hydroxyl groups 
(OH) present seems to have little influence on the toxic action of the phenols, 
as in the series: benzophenol (1 OH), resorcinol (2 OH), and phloroglucin 
(3 OH). The introduction of the methyl group (CH3;) into the benzene 
nucleus increases the toxicity to a considerable, but rather variable, degree, 
as in the cresols, less plainly in orcinol. The introduction of the isopropyl 
group (CH (CH;),) into the cresols increases the toxic value of these sub- 
stances, as carvacrol and thymol. The presence of one or more nitro groups 
(NO.) increases the toxic action to a great degree; e¢..g., mono- and tri- 
nitrophenols. An increase in the number of the NO, groups present does not 
seem to increase the toxic action. When the H of an OH group is replaced 


5 Botanisches Centralblatt 76 : — seqq. 1898. 
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by a CH; group, little influence seems to be exerted on the toxic action, ¢. ¢., 
anisol and guaiacol. The carboxyl group (COOH) brings with it a degree of 
toxicity corresponding directly to the degree of dissociation and the number 
of H ions it affords, e. g., salicylic acid.” —C. R. B. 


Mr. A. A. LAwson® has investigated the earliest stages in the formation 
of the multipolar spindle in the pollen mother-cells of Cobwa scandens. The 
cytoplasm of the resting pollen mother-cell presents a clear uniform appear- 
ance, but as division approaches a zone a granular substance accumulates 
about the nucleus. This zone is so constant in Cobia and other genera 
examined by the writer that he proposes to designate it by the term ferihary- 
oplasm. ‘The zone was observed in living cells and so could not be regarded 
as an artefact. When the nuclear membrane breaks down, the perikaryo- 
plasm and the linin of the nucleus form a network of kinoplasmic fibers. 
These grow out into several projections and become the cones of the multi- 
polar spindle. Spindle fibers are formed by the elongation of the meshes of 
the network. The cones elongate, become sharp pointed and fuse in two 
groups, thus forming a bipolar spindle. The mature spindle is characterized 
by the great length and crossing of the mantle fibers. Spindle formation in 
the second division of the pollen mother-cells is the same as in the first. No 
centrosomes were observed at any stage of the process. 

Fleming’s fluid was used for fixing, and the safranin-gentian violet-orange 
for staining. The reviewer would suggest that while these form a combina- 
tion of unusual value, it would nevertheless be refreshing to find some other 
combination thoroughly perfected, especially since it has been claimed by 
competent observers that mixtures containing chromic acid precipitate certain 
of the liquid albuminoids of the tissues in the form of filaments or networks, 
which are often of great regularity and simulate structural elements of the 
tissues. If this objection is well founded, it applies with especial force to such 
problems as those concerning spindle formation.— CHARLES J. CHAMBER- 
LAIN. 


IN AN ARTICLE of some seventy pages,’ Dr. Georg Klebs gives a detailed 
account of many ingenious and conclusive experiments regarding the nature 
of the sexual and asexual reproductive organs of Sforodinia grandis, and 
the causes which determine their occurrence. 

Of the physical factors, those which heighten transpiration increase the 
tendency to the formation of sporangia. When transpiration is checked, 
within certain limits, the sporangia are partially replaced by zygotes, and 
when transpiration is still further checked, only zygotes are formed. Thus, 
with a relative humidity of 100 per cent. only zygotes are produced; at 45- 

6 Proc. Cal. Acad. Sci. IL], 1: 169-184. A/. 33-36. 1898. 

7 KLEBs, GEORG : — Zur Physiologie der Fortpflanzung einiger Pilze. Jahrbiicher 


fiir wiss. Bot. 32:1. 1898. 
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65 per cent. sporangia only; below 40 or 42 per cent. the mycelium is sterile. 
But sporangia may be produced in a greater humidity if anything, e¢. g.,a 
current of air, promotes transpiration. 

When the air pressure is reduced to 40 or 60™™" of mercury partheno- 
genesis results; below 20-25™™ nosex organs are formed, and below 15-20™™ 
no sporangia develop. 

In discussing the food supply it is proved that carbohydrates are needed 
to form zygotes, while sporangia may be formed luxuriantly in nitrogenous 
media. 


It is of interest to note that different isomerous compounds may behave 


differently. Thus maltose provides the food needed for zygote production 


while lactose does not. Unfortunately, stereoisomers were not investigated. 
The minimum concentration in which zygotes could be formed was deter- 
mined; for this was shown to depend upon the concentration rather than 
upon the absolute quantity of food present. A small quantity of acid salt 
favored zygote building while normal salts and acids retard it. The author 
thinks the favorable substances increase the permeability of the protoplasm 
to nourishment. 

Parthenogenesis in general results when conditions are suited to the pro- 
duction of sex organs and then change so as to restrict their functioning. It 
results with the greatest certainty when the plant grows in a reduced atmos- 
pheric pressure, e. g., about 50". 

Asa result of the work, the view of Brefeld, that the determination of the 
kind of organs to be produced comes from within, must be abandoned. Also 
the prevalent notion that zygotes are made in “hard times”’ finds little sup- 
port, as in nearly every case their formation is more easily arrested than that 
of sporangia. 

Since in luxuriant vegetative growth diminished humidity, permitting trans- 
piration, results in the formation of sporangia, the latter may be regarded as 
shortened branches rendered fertile by the extra supply of nourishment at 
their disposal, or by some as yet unknown stimulus. 

Sporangia and zygotes are morphologically homologous organs, devel- 
oping from aerial hyphz of the same construction. They are similar phys- 
iologically and can develop only in air. The stimulus which calls them forth 
is transpiration, but the optimum for each lies at a different point; higher for 
sporangia, lower for zygotes. 

The fact that aerial hyphz are subject to a molecular impact different 
from that on the submerged hyphz may be a determining factor in the devel- 
opment of reproductive organs. Also the fact that submerged hyphe may 
absorb nourishment osmotically through a great area while an aerial branch 


receives it through a relatively small cross section may account for some of 


the differences between aerial and submerged parts of fungi, and of higher 
plants as well. — F. L. STEVENS. 
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NEWS. 


M. Fr. GAy, of the University of Montpelier, a well-known student of the 
green algz, died recently at the age of 40 years. 


PASTOR CHRISTIAN KAURIN, of Sande Jarlsberg, Norway, a well-known 
student of Scandinavian bryology, died on May 25, 1898, at the age of 66. 


PROFESSOR T. CARUEL, the eminent professor of botany and director of 


the botanic garden of Florence, died recently after a long and painful illness. 


THE FRENCH ACADEMY of Science has awarded the Desmaziéres prize to 
our colleague, Professor J. B. DeToni, of the University of Padua, for his 
monumental work, the Sy//oge Algarum. 


AT THE ANNUAL meeting of the Royal Society (London) on Wednesday, 
November 30, a ‘Royal Medal”’ was awarded to Mr. Walter Gardiner in 
recognition of his discovery of the continuity of protoplasm. 


AXEL BLYTT, professor of botany in the University of Christiania, died on 
July 18, 1898, at the age of 54 years. Since his death Professor Dr. N. Wille 
has been made director of the museum and herbarium of the University. 


THE CANADIAN government has appropriated £1400 for the establish- 
ment of a floating biological station in the Gulf of St. Lawrence. It is hoped 
that the work will be begun early in the present year, on the south shore of 
Prince Edward’s island. The station will be moved annually. Among the 
directors we note the name of Dr. D. P. Penhallow, of McGill University. 


BRYOLOGISTS will be gratified to learn that the wish expressed in our 
review of M. Renauld’s Prodrome Flore bryologigue de Madagascar for illus- 
trations of the new species described is to be gratified. MM. Renauld and 
Cardot are engaged to publish the mosses in the great work of M. Grandidier 
on Madagascar. Therein all the new species described in the Prodrome and 
many others will be figured on superb quarto plates. The first fascicle con- 
taining thirty-two plates has just appeared, to be followed by three and per- 
haps four others. 


M. MICHEL GANDOGER, the well-known author of the //ora Europe, an 
octavo work of 27 volumes published at Paris 1832-1893, is about to dispose 


of the herbarium upon which this work was based. Where possible he will 


divide each specimen into two parts. One set of these is to be presented to 
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the Museum at Paris; the other set will be sold. M. Gandoger has come to 
this decision in order to ensure the preservation of this valuable collection. 
In case an accident shouid befall one-half of it, the other will be likely to 
remain intact. His herbarium now contains 260,000 specimens, including a 
complete flora of Europe, and a considerable number of specimens of Africa, 
Asia, etc. All are in a good state of preservation and are poisoned either 
with corrosive sublimate or arsenate of sodium. We should be glad to know 
that some of our own larger herbaria had secured this important set of speci- 
mens. It would be particularly valuable in determining the identity of 
American with European forms. 


AT THE MEETING of the Academy of Science of St. Louis on the evening 
of December 5, 1898, Mr. H. von Schrenk presented by title a paper “On the 
mode of dissemination of Usnea barbata ;”" and Professor L. H. Pammel pre- 
sented by title a paper on “The histology of the caryopsis and endosperm 
of some grasses.” 

Dr. Theo. Kodis presented the results of some experiments on overcool- 
ing animal and vegetable tissues, in which it was shown that, as water may, 
under favorable conditions, be cooled to some distance below zero, Centigrade, 
without freezing —the temperature immediately rising to the freezing point 
the moment that freezing begins, and remaining there until the water is 
entirely solidified, then beginning once more to drop—so, when animal.and 
vegetable tissues are experimented on, they may be cooled to a temperature 
decidedly lower than the freezing point, under favorable conditions, before 


freezing begins, but that, when it begins, the temperature at once rises to the 


freezing point (which is always somewhat lower than that of pure water), 


remaining there until the process of freezing is complete, when it once more 
begins to fall. The speaker gave a short account of the current theories 
as to the mechanical constitution of protoplasm, and discussed the bearing 
on them of the phenomena when the solidification of overcooled tissues 
began.—WwM. TRELEASE. 





